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CHAPTER 1

Introduction

1.1 Introduction

All animal species have the reproductive potential to
increase in an infinite manners yet none do. Biologists
have long been Intrigued by the factor(s) that 1limit the
growth of populations. Numerous studies have concentrated
on defining how environmental factors and biological
characteristics of the population have interacted to
determine the number of individuals of the different

species in any particular community.



Mal thus (1798) was the first to formally consider the
interaction of reproductive potential of a population, and
the factors that limit the growth of the population, He
understood the factors that were limiting the populationy
and was concerned with the consequences of the limits on
population growthe. Charles Darwin considered the problems
posed by Malthuss, and incorporated the consequences of
population regulation in the theory of natural selection.
"Je assumed that competition for the ({imited resources
caused the regulation of numbers, thus not all offspring
could survive to reproduces and only the fittest would

survive {(Tamarin 1978:2).

The mechanisms of poputation regulation have been
vigorously debated by ecologists since the time of
Malthus. Two major schools of thought have long dominated
the discussion, The first school holds that poputations
are limited in a density-dependent fashion: as numbers
increases competition for resources intensifiess and
population growth finally ceases. This school, often
called the biotic schools is concerned with competition,
predation, diseases and parasitism as mechanisms of
population regulatione. The other school holds that
poputations are limited by periodic changes in the abiotic
factors of the environments that reduce the population in

a generally density-independent manner, The abiotic



school is primarily concerned with weather as a regulating

mechanisme

In recent years, a third, compromise, approach to the
problem of population regulation has become more widely
accepteds The compromise approach proposes that "a whole
host of agents in the environment can regulate a
populations and whether or not a poputation Increases or
decreases depends on the totality of these agents making
the environment more or less optimai"™ (Tamarin 1978:93).
Even though most population studies show regulation to be
8 compromise between the first schools of thoughts the
debate between the schools has not yet subsideds The
acceptance of a compromise approach has opeen plagued by
the problems of confounding terminologys the difficulty of
generalizing from one organism to anothery the difficulty
of studying long-term phenomena, and the differences in
the approach of theoreticals, (laboratorys and field

biologists.

A complete review of the development and current
status of the theories of population regulation is beyond
the scope of this introduction. Howevers the historical
development of the topics and the benchmark papers on the
sub ject have been complied and reviewed by Tamarin (1978).

Dther reviews of the current state of knowledge on



population regulation are given by Hutchinson (1978), May

(1976)s and MacArthur (1972).

The present study has two principal topics: the first
is the factors that are important in the regulation of
ungulate populationss and second is the role of
competition in partitioning the limited resources of

ungulate habitat on sympatric range.

Unlike theoretical ecologists who often select the
organism or ecological community for study that is most
convenient for their particular problem or hypothesiss I
have chosen the guanaco for study oObecause of the
precarious status of the species throughout most of |its
range. The status of the guanaco is precarious for three
reasonse. Firsty since the turn of the centurys the
guanaco has been etiminated from much of its former range,
and has been reduced to semi~-isolated small remnant
populations in marginal habitats. The current population
size is probaply less than 1% of the aboriginal
population, At the same time, the demands on the habitat
are increasings and the availabie range is continually

feduced.



Seconds unlike the vicuna which has a demonstrated
economic value, and consequently has been the focus of
intensive research and protection, there is little locals
nationaisy or international concern with the conservation
proolems of the guanaco. This is partially the result of
a lack of information on the plight of the species. In
much of Patagonlia, the guanaco is still considered to be a
pestsy and has been given no effective protection from

indiscriminate slaughtere.

Thirds wuntil this study, there has been no
systematics long-term study of any aspect of the life
history and ecology of the guanacoe. Any attempts to
manage or promote the protection of the guanacec have been
thwarted by 8 lack of information on the plight and

biological needs of the species.

le2 Literature Review

Nunerous general accounts of the life history of the
guanaco have been written in natural history books and
animnal encyclopedias such as Lydekker (1896)s Stassen
(1916)s Cabrera and Yepes (1940)s Cornish (1917), and
Walker (1963). These accounts are second hands based on

short term observationss hearsays local mythsy and Indian



fore. dousse (193G) iz a good example of how myths and
legends can be incorporated into the scientific

jiteraturesy and repeated in later accounts.

The best information available on the natural history
of the guanaco comes fron observations of early
naturalists and explorers who traveled through South
American on various expeditionse The earliest account is
by Molina (1808), followed by Darwin (1845), Other early
accounts of different aspects of the (ife hsitroy of the
guanaco were reported by Allen (1905)s Prichard (1902),
Simpson (1934)y and Link (1949), The (ife history of alt
the South American camels was summarized by Romerc (1929),

and Cardozo (1954).

An interesting account of the general habits of the
guanaco and the local Indians that hunted the guanaco
along the Beagle Canal was recorded in the autobiography
of Bridges (1948)s an early pioneer in the regione
Gilmore (1950) described the relationship between the
Indians of the interior and the guanaco as their main

resourceo.

Many authors have contributed to our knowliedge of the
former distribution and abundance of the guanaco. An

interesting early attempt to estimate the guanacs numbers



in the southern Patagonian region was written by Rogers
(1877) who based his estimate on Indian hunting patterns.
Other valuable accounts were published by Darwin (1845),
Osgood (1916 and 1943), Mann (1945 and 1953), Allen
(1642)s MacDonagh (1949)s, Gilmwore (1951), and Pearson
(1951)« More recent accounts of current distribution and
status are given by Dennler ds la Tour (1954), Grimwood
(1958)» Howard (1969), Markham (1971), Miller ef al.

({1973)s and Nuevo (1974).

Observations of guanacos in zoological gardens have
produced a considerable amount of information on the life
cycle of the guanaco. The reproductive ecology was
studied by Brand (1963)s Crandall (1965)s Brown (1936),
and Schmidt (1973). Benchley (1943) commented on the
general habits of the speciess Roig (1963) studied the
nutrition and condition of various captive mammalsy

including the guanaco.

The taxonomic status of the guanaco and the Tylopoda
in general has been discussed by Molina (1808) and
Lonnberg (1913). More recentiy Bohlken (1960) studied the
stomach morphology of the guanacos and the relationship of
the guanaco to the other members of the genus. Capurros
and Sitva (1960) did cromatographic studies on the generic

relationships of the four South American camels. Cardozo



{1954)s MacDonagh (1940) and Gray (1971) discussed the
interbreeding of the four species of the camels. The
evolution of the South American fauna in general has been
studied by Hershkovitz (1969), Simpson (1950 and 1969),
and Webb (1978)s and reviewed by Cardozo (1975) with

speciatl reference to the lamoids.

Recent studies have concentrated aimost exclusively
on physiology and anatomy of the guanaco. The general
physiology of the guanaco stomach has been studied by
Vallenas (1970)s Cummings ef ale (1970)s, Valtenas and
Stevens (1971a and 1971b)s, and Vallenas gt ale. (1971).
The physiology of ¢the kidney was studied by Rossenmann
(1963), Thermoregulation by guanacos was studied by
Rosenmann and Morrison (1963), and Morrison (1966). In
all the above studiess the subjects were captive animals,
and the sample sizes often consisted of a single

individual,

Earlier studies of physiology and anatomy include
Bullock (1929) who decribed the stomach stones, caliled
"bezoars", Rusconi (1930) who described various dental
abnormaiitiessy and Hall {1937) who worked on the blood

chemisitry of the lamoids.



Wwhile many authors have commented on the general
behavioral patterns of the guanacos only two have
published accounts of any systematic studies. Rhors
(1357) published general remarks on behavior and social
groupss based on short term herd composition counts.
Franktin (1975) conducted a one week study of the behavior

of the guanacos in a smalls remnant poputation in Peru.

The overal! result of these various studies is a good
understanding of guanaco distribution {both historical and
current), general social organization, specialized
physiology and anatomys and taxonomic status. However)
the guanaco popufation dynamics (especially the
reproductive ecology)s habitat requirements, population
statuss food habits, and relationship with the domestic
stock are littie known, Alsos methodologies for the
determination of sex and age nave not been described

before the present study.

It has been the aim of the present investigation, in
addition to addressing the general topics of population
regulation and competitions to provide a more complete
description of the entire tife history of the guanaco of

southern Patagonia.
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1.3 The Scope of the Present Study

The present study was a segment of a continuing study
of the fauna of Chile by the Chilean Corporacion Nacional
Forestal (CONAF). The study was initiated in March 1972,
and the field work continued through June 1975, The data
analysis and laboratory studies have continued wuntit

December 1978,

The fleld work was generatly confined to the province
of Magallanesy, with an intensive study area on Isla
Grande. Howevers, several surveys were made in the
surrounding regions of Argentina. The Chilean government
was particularly interested in the guanacos of Magallanes
since they constitute approximately 95% of the guanacos

remaining in Chile (Miltler gt ale 1973).

l.4 General Hypothesis

In the absence of significant predators, both
guanacos and sheep are ultimately resources limitedy and
are in competition for the finite rescurces of the
environment. Sympatric taxa will divide resources under
the force of competitions, resulting in such phenomena as

character disptacement or niche shiftsy and ultimately
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speciation. Hences competition results in natrual
selections and Is essentially a density-dependent
phenomenons regulating populations through chenges in

population recruitment and mortality.

1.5 Purpose and Objectives

The purpose of this study was twofolidy first to
provide basic data on the life historys, habits and ecology
of the guanaco of southern South America, and second, to
evalute the competitive relationships between free-living
ungulates and their introduced domestic competitors. The
guanaco-sheep interactions are of both theoretical and
practical significance since the guanaco had no wungulate
competitors wuntil the introduction of the sheep. An
understanding of the changes in population size and niche
parameters including distribution and food habitss that
were associated with competitions could help us understand
competition and resource partitioning between other

ungulate herbivorese.

The specific objectives of this research were:
le To inventory the distribution and abundance of
the guanaco of southern Chile.

2¢ To determine the food habits and preferred forage
plants of both the sheep and the guanaco.
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To measure the parameters of population dynamics
of both guanacos and sheep in order to determine
the facor(s) that are controlling the growth of
the populations.

To moded the Interspecific competition between
the guanacos and the sheep.

To provide other fife history information
necessary in the development of conservation and
management plans for the guanaco and its
ecosystem.



CHAPTER 2

The Study Area

The intensive fieldwork was conducted on Isla Grande,
the largest island in the Tierra del Fuego archipelago,
located at thes southern tip of South America. It is
separated from the continent by the Straits of Magellan on
the north and west, and is bounded by the Pacific Ocean on
the west, the Atlantic ocean on the easts and the Beagle
Canal on the south. The main study area roughly
corresponds to the Estancia Camerons, in the Chilean sector
of the Rio Grande river basins just north of the interface
of the forest and pampa grasslands. The location of the
study area is given in Figure 1. An excellent summary of
the climates physiography, and vegetation of the island in

general is given by Humphrey et al. (1970),
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2.1 Physiography of Islia Grande

Isla Grande is approximately 18,000 square miles in
areas with all tlands west of 68 degrees 36 minutes
belonging to Chites and the lands to the east belonging to
Argentina. The istand extends from 52 to 55 degrees south

latitudey, and from 65 to 72 degrees west longitude.

Three distinct landforms are found on the istand?: (1)
the Andean Cordillera, running NW-SE along the southern
part of the .islands from 1,500 to 3,000 meters in
elevation, and 50-60 kilometers in width; (2) the
Precordillera, flanking the Andes on the north with
elevations varying from 500 to 1500 meterss and 30-50
kilometers in width; (3) the pampas or lowland plains
extending to the north of the precordillera to the
Atlantic Oceans varying in width from 10 to 350

kilometers.
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2¢1¢1 The Andean Cordiliera

The Andean Cordillera is a highs, rugged ranges with
elevations of 3,000 meters. Glacliers occupy the peaks
along most of the extent of Magallanes and Tierra del
Fuegos <coalescing iInto a continuous ice cap in the
Cordillera Darwin of sowthwestern Isia Grande. The entire
Cordillera has been sculptured by vast continental
glaciations of the Pleistocenes and by the present alpine
glaciationss with the outfet tongues eroding broad
U-shaped vailey;. Some valleysy now filled by the seas
form fiords and sounds that honeycomb the southern part of
the island, while those valleys within the mountains most
frequentiy hold bogs in their flat ©bottoms. The
Corditiera is disected by many ragings glacier fed rivers
and many parts are virtually inaccessable, Krank (1932)
and Rudoiph (1934) give excelient detailed descriptions of

the geology and physiology of the Cordillera.

The Andean Cordillera provides little suitable
habitat for the guanaco, and only the fringes of the area
have been colonizeds Throughout the Cordillera of the
istandy the fland is barren and lifeless above 500 meters
(Kuschel 1960). Above 800 meters, most of the Cordilliera
is covered by permanent snow and ice. Alpine meadows are

almost completely absent due to the steepness of the
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terrain, Figure 2 shows the ruggedness of the main
Cordilteras with the rolling hités of the precocdillera in

the foreground.

26142 The Precordiilera

The uplifting of the main Cordillera gradually dies
out toward the norths and the precordilleran terrain is
lowers and less rugged than the main cordillera (Figure
2). The precordillera Was glaciated during the
Pleistocene by piedmont glaciers flowing from source areas
in the main cordilliera. The glaciars scoured out larges
broad valleys and basins, and left little depositional
material. Through these valleys may be well drained, it
is common to find big bogs or large (akes occupying the
depressionss such as Lago Blancos, Lago Lynchs, and Lago
Chico on Ista Grandes and Lago Sarmiento in Argentina
(Raedeke 1974). Dense woods and bogs occupy many of the

valleys that are not filled by takes,

The mountains of the precordillera attain a
considerable height, especially in the hightands north of
Seno Almirantazgos, with peaks reaching 800 to 1200 meters.
However, sharp summits are Jlacking, and most peaks are

mountain moorlands on the summit. Perpetual snow Is found



Figure 2. The Andes Cordillera with the rolling precordillera
in the foreground,

Figure 3. The rolling Precordillera of Isla Grande, with the
pampa in the foreground.
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in sheltered areas in scattered patches on some of the

summits (Krank 1932).

This zone has become an important area for the
surviving guanacos of the island. The high mountain
meadows and moorlands are frequently used as summer range
by the guanacos which winter in the southern part of the
study area. The tree covered 1{owlands provide winter
cover and browse (Romero 1927, and Bridges 1948). This
region is now only lightly utilized by sheep in the

summers and seldom used by sheep in the winter.

2¢1e3 The Patagonian Pampas

The northern half of the istand is typical of the
extensive, opens wind swept pampas of southern Patagonia.
The pampas are characterized by lows gently rotling
plainss descending from the precordillera to the sea
(Figure 4). The area is dissected by farge rilvers
originating in the cordilleran glaciers, has nany smaill

streams, and is dotted with pondss lagoons, and bogse.

The tow topography of the plains is interupted by
gltaclial features providing relief in the flat landscape.

Huge end moraines frequently rise over 350 meters, marking
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Figure 4. The Patagonian pampa at the foot of the precordillera,
southern Isla Grande.

the termini of the Pleistocene glaciations. Numerous
smaller moraines are also scattered about the pampa
providing more flocal vrelief, The knoll and kettle
topography mark sections where broad areas of glacial ice
stagnated and melted during tne retreat of the glaciers.
Large outwash channels bisect the 1landscapes forming

expansive terraces in the otherwise rolling pampas.

The pampa soils are characterized by poorly developed
podsotic soily, prairie soil, and atpine meadow soil types

(Diaz and Roberts 1960), Little or no soil development is
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found in the extensive gravelly glacial outwash areass or

in the areas of extreme eolian erosion,

2.2 Climate

Throughout the Patagonian region, thne winters are
longs wets, and colds and the summers are short, dry, and
cool., Within this frameworks two <climatic zones are
described for Isla Grande: Temperate Continental (Cfe¢) in
the northern pampass and Tundra (ET) in the southern
mountainse. Much of the guanaco range in Argentina Is
located in the Cold Steppe (Bsk) climatic zones which does
not extend south into Chilte (EDIT 1968). The greater part
of the guanaco range in Isla Grande,» and Magallanes in
generals is located within the Cfc zones and only this
zone will be discussede The climatic zones of the region

are shown in Figure 5.

The Temperate Continental zone (Cfc) of the study
region is characterized by the following:
le« Ory climate, with annual precipitation ranging
from less than 500 mm to 1000 mm.
2« Cool the year round,s with average. annual
temperature l(ess than 10 degrees celsiuss and the
warmest average monthly temperature {ess than 15

degrees centigrade.

3. Seasonal variation in temperature is smalls with
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The climatic zones of southern South America.
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frost possible in any months and precipitation
falling {in the form of snows hails or ice
crystals throughout the year,

4. The precipitation Is concentrated in the fall and
early winter months.

5. The growing season is short, permitting
herbaceous plants to nature and sustain a large
number of herbivores.

6. Strong westerly winds occur in all the months,
but are strongest in spring and summere.

Weather records for the study area are few. The data
on weather patterns, presented in Tabie 1, are from the
Cerro Guido station, tocated in the same climatic zone and
in the same physiographic position as the study area.

This table is based on a 39 year average,

A significant attribute of this climatic region s
that the growing season is so short that food crops can be
cultivated only on small plots with exceptionally
favorable microclimatess which must be intensively farmed.
Only alfalfa can be grown somewhat more extensivelys and
even this is low in productivity,

Snow accumulation patterns are aé important factor
influencing the seasonal distribution of both the sheep
and guanacos on the island. In the interior of the
islands snow accumuiation occurs from June through August,

making mucii" of the range unsuitable as wungulate habitat,
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‘Table 1. Weather records for the Cerro Guido Station, Magallanes.
The data are based on a 39 year record, from 191928-1967
(IREN 1967).

Month Precipitation Temperature °c
(in mm.)
Average Average Avefage
max. min.

Janurary 28:1 12.5 18.5 6.7
February 25.8 13.0 19.2 6.6
March 32.7 9.4 15.4 L.3
April 34.9 6.0 11.3 2.4
May 24.4 2.7 6.9 -0.7
June 19.0 0.5 3.4 -2.6
July 17.3 0.8 4.0 ~2.3
August 16.2 1.2 5.0 -1.5
September 20.7 2.8 8.3 -1.5
October 17.1 8.4 14.8 2.3
November 20.8 9.9 16.2 3.4
December 20.2 12.2 19.4 5.5
Annual 277.2 6.6 11.9 1.9

since the snow is often crusted and reduces the
availability of the grasses and other low growing forage.
Heavy snow accumulation forces the guanacos and sheep to
concentrate on the areas with reduced snow accumulation,
thus reducing the carrying capacity of the winter ranges.
Wwinter range with reduced snow accumulation, is the most
limited range type. In the winter of 1972 the snowfall

was considered to be normat, with depths measured to be
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25=-30 cm in August on the filat near Russfin. In the
winter of 1973, the snowfall was early, and quite heavy,
with depths measured to be 40-80 cm in July. Sheep and
guanaco losses were extremely heavy throughout the region

in the winter of 1973,

Annual precipitation on Isla Grande varies from over
2,000 mm in the southern mountains to less than 300 mm in
the pampass over a map distance of 150 kilometers, going
from southwest to northeast (Pinto and Pino 1972). The
greatest precipitation occurs on the west side of the
Andess which are buffeted by the westeriy winds off the
Pacific Ocean., The Andes create a rain shadow to the east
of their crests this rain shadow is the primary factor
causing the formation of the arid grassliands and deserts
of Patagonia. The annual precipitation to the east of the
Andes is generally less than 500 cm, Throughout the
regiony the <climate of the coastal zone is moderated by
the surrounding ocean waters. Coastal areas are warmer in
the winter and cooler in the summer. The average
temperature at the Estancia Cameron headquarters Ilocated
on the shores of Useless Bay is 6 to 10 degrees celsius
warmer in the winter and 5 to 6 degrees celsius cooler in
the summer than is Russfins located 45 kilometers inland
from Cameron. This results iIn 1less snow accumulation

along ¢the <coastal areas; and a longer growing seasons
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making the <cocastal zone preferred winter range for

unguiates.

23 Flora

Due to the wvarlety in (landformsy elevation, and
cltimatic conditions, the southern part of Patagonia has a
diversity of vegetation. Within the regions Pisano (1973)
has described eleven biotic provinces which can be
generalized into five biotic or vegetational zoness as
follows: alpine tundra, Magallanic moorlandy evergreen
beech forest, deciduous beech forests and Patagonian
steppe. The last two zones are the most important with
regard to the distribution of the guanaco. Figure 6 shows
the tocation and physical relationships between the
vegetational 2zones. A detailed descriptionsy of the
vegetation of the region is available in Auer (1958),
Kuschel (1960), Godley (1960), IREN (1967)y Humphrey et
ale (1970)y and Pisano (1973 and 1974). The vegetation
zones that are important for the guanaco will be described

belows.
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DECIDUOUS BEECH FOREST
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Vegetation map of southern South America.
Godley (1960).

Adapted from
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2¢3.1 Patagonian Steppe

This vegetation 2one is the characteristic pampa
grassiand of southern South Americas and is extensive in
both Chile and Argentinas at elevations below 500 meters.
Figure 7 shows the appearance of a typical scene in this
vegetationat zone, which comprises all the non-forested
areas east of the Andes. The pampa grows drier with
greater distance south and west of the precorditliera. The
rainfall in this 2zone varies from 200 to 500 mm per year.
The vegetation is low xerophilouss and is dominated by
. spiny smali shrubss and hard bunch grasses (Kuschel 1960).
Ground cover {is incomplete and bare ground is found

between the bunch grass clumpse.

The grass species present are dominated by Egstuca
gracillima and Egstuca pallescens. In the drier northern
parts of the zone Mulipum spingsuym is typical of the areas
mixed with Stipa sppP. All these grasses are locally
called "coiron", 1In the wetter sites with well drained
soils» especially the valley bottoms, the soft grasses

such as Deschampsia antarctica and Poa spp. are found in

abundance.
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During the spring monthss, November and December,
there is a moderate production of herbaceous plants on the
pampase The forbs produced during this period are
valuable forage for guanacos and sheep while they are

available,

Within this same grassliand zone, large expanses of
shrubs orf "matoral" vegetation existy especially on the
wetter sites. With heavy sheep 3razing pressures on the
range grasses and forbs, these shrubs are now increasers
on the rangey, since they are 3enerally wunpalatable to
sheep. Figure B8 shows this vegetation association, The
most common shrubs are low growings about one to two
meters in heighte The most abundant species are romerillo
Chiflotrichium diffusum and calafate Bechescis buxifglia.
In well developed stands, these shrubs are almost
impenetrable. Many are spiny. Since these shrubs are not
utitized by sheep» sheep ranchers have reﬁoved great
expanses of these matoral associations mechanically
removed, and reseeded with Australian, New Zealand, and
North American grass speciess in an attempt to increase
the sheep <carrying capacity of the range. These efforts
were quite successfuly, especially on the wetter sites.
Howevery, with sustained heavy sheep grazings the matoral

vegetation is beginning to invade these improved pastures.
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Figure 7. The Patagonian steppe vegetation type.

Figure 8. The matoral or shrub vegetation association within
the grasslands vegetation type.
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Interspersed in the pampa are large areas of acidic
and poorly drained soil with a characteristic vegetation
dominated by murtitla, Eppetcum tubcum and various species
of rushes. This wvegetation association is very poor
herbivore habitats since these plants are not highly

palatable to either the sheep or the guanacos.

2¢3.2 Decliduous Beech Forest

The Magallanic beech forest found on Isfla Girande is
comprised of two principal forest Cypes, whose
distributions are refated to rainfaliy moisture, and
temperature, The deciduous forest is found in the
northern, warmer, drier parts of the forested portion of
the istands while the -evergreen forest is found in the
southern, cooler, wetter parts of the forest 2one, The
relationship of these forest types to the steppe

vegetation is shown in Figure 6.

The deciduous beech forest of the island is comprised
of only two species of treess lengas Ngthofagus punilio

and nirres Nothofagus antaccticuse These two species are

seldom found intersperseds obut rather form pure stands
(Figure 9 and 10)., The lenga forest is most extensives

whife the nirre forest is a transitional type between the
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open pampa and the (enga forest. The deciduous beech
forest zone is bordered on the east and north by the
grassiandss in the south by the evergreen beech forest,

and at higher elevations by tundra.

Deciduous forests are found in the drier parts of the
islandy where precipitation varies from 400 to 600 mm
annually. They are very openy with undergrowth limited to

Blechua peppe=macina a ferns and MgsodandCum SRRe» a type

of mistletoe.

The main shrubs in the wunderstory are michays

Berberis dilicifalia» vparriila, Ribes magallanicuss and
chauras, Pgrpetfya mycronatae These shrubs are generally

found in the more humid portions of this forest.

The herbaceous piant community of the forest floor is
pooriy developed, The more common pilants are various
species of  Rapupculus» Gsud magallanicum»  Acaepa
gyatifeliar» and the fern Biechum penna=parina.

Of the two deciduous forest typess lenga and nirres
only the nirre is an important habitat of the guanaco.
Due to its lowsy twisted growth form, nirre is much more
available as browse than the taller, heavy trunked lenga.

Also, the canopy cover of the nirre is seldom closed, thus



Figure 9. The lenga (Nothofagus pumilio) beech forest of Isla
Grande. ‘

-Figure 10. The nirre (Nothofagus antarcticus) beech forest of
lIsla Grande.
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allowing a greater development of the forest floor

community,.

2¢3¢3 The Evergreen Beech Forest

This forest type grows in tne more humid portions of
the island where precipitation varies from a minimum of
600 mm to over 2,000 mm annually., The evergreen forest is
found to the south of the deciduous forest and to the
north of the moorlands of the highlands. At higher
elevations this forest is replaced by the tundra or

moor i ands.,

There are three main tree species found Iin this
foresty given in order of dominance: coigues Nothofagus
befuleides; canelos, Drimys mwintecis; and lengas In the
wetter areass canelo becomes more abundant. Associated
with these trees are the shrubs michey, murtiilay chaura,
and chilcos Eychsia magelianica (Pisano 1973), Ferns are
also very commons, especially the genus Hymepnophyilume.

Areas of poor soi{ drainage support large sphagnum bogse.

In all parts of this vegetation zones the understory
is well developed. In the wetter portionss to the southy

the forest becomes almost impenetrable by man,
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This vegetation 2zone is poor habitat for herbivores,
and the faunal community is impoverished both in the
number of animal species presents and in total biomass.
It is wused by the .guanaco only along the fringess
especially atong the eastern end of the Beagle Cannal
where Bridges (1948) observed nmoderate numbers of guanacos

in the fringes of the forest.

Interspersed in the forest communitiess both the
deciduous and evergreens are the true sphagnhum bogs.
These are composed principally of Sphagpum magellanicum»
and various grass—likes, such as the rushes

Marsipposeernmu®m grandeflorums and Schoeous antacgticus.

2¢3+.4 The Atpine Tundra

The alpine tundra lies above the treelines and below
the snowlines. The soil is very drys permiable, and rocky.
The ground cover is very incompletes made wup of poorly
developeds isolated shrubs, cushion plants (jzorelia and
Bigax genera), Empecefum cubrums» 3enecie» and Dbassuylas
and a few graminia ( Poas Festucas and Stipa) forming
poorly developed tussocks. Between the plants are only

bare rocks and rocky soil.
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The total plant productivity is lows but sufficient
plant material grows to support a tow to moderate number
of guanacos during the summer months., The area is not

used by domestic cattle or sheep.

204 Land Tenure Patterns

Chilean settiement of. the province of Magallanes
began in 1843 with the construction of Fort Bulnes. The
first permanent settiement was moved to the present site
of Punta Arenas when it was determined that cattle and
sheep thrived on the pampas surrounding that area.
However, in 1855 there were still oniy 34 sheep near the

settiement.

Fullscale agricultural development began in the
1880's when the government auctioned off the first grazing
rights to the land. The initial rights were leased for a
period of from 10 to 20 yearsy with the option to renew if
certain improvments were made. The first fences were
constructed in 1883, In 1893 the first actuat sales of
land began, At this time tne large "agricultural
societies™ were formed on the pattern of modern day
corporations. These organizations bought land in large

blocksy and established the famous estancias of the
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region. Many of the original stocknolder, managerss and

settliers were British,

In 1910 two of the largest societies merged to form
the "Ganadera de Tilerra del Fuego"™. This large society
controdlied over 2,900,000 hectares in Magallanes by 1910,
By 19238, the Society stabilized its holdings at
approximately 1,900,000 hectaress which was more than atl
the other landholders combineds and inciuded the best
tands of the region, At this tize this company confrolled
almost ail of the grazing fand on Isla Grande in Chile.
However, of this totals 1,5176,00 hectares were leased from
the government. The total stock hotdings of the Society
in Magallanes province were 1,500,000 sheeps 6,000 cattle,

and 10,000 horses (Erasmo 1972).

From the late 1930's to 1960 the government gradually
recoverd the {lands that had been leased to these large
companies.s These lands were then subdivided into smalier
estancias, and leased to individuals. Little of the land
was actually sold outright after 1900. By 1959, the
Ganadera de Tierra del Fuego had relinquished all its
leased landsy and its total holdings were reduced to
980,000 hectares. Even still, for Chile in generatl, in
the ltate 1950's 1.5% of the landowners controlied 70% of

the usable agricultural land (IREN 1967).
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In 1967 the agrarian reform law was passed by the
Chitean congresss allowing the government to expropriate
abandoned or "poorly developed" landss, plus any owned by a
single owner in excess of a certain amount. The purpose
of the law was to increase the number of family farms, and
to increase productivity. In 1969 the first tands were
expropriated in Magallanes. These lands were subsequentiy
managed in various wWwayss from cooperatives to individually
leased plots to targe communal farms, Howevers no tand
was sold to private individualse The Ganadera de Tierra
del Fuego lost over 50% of its productive capacity in
1969-1970 (Erasmo 1972)s With the election of the Allende
government in 1970, the remaining lands owned by the large
societies in Magallanes were expropriated, and put into

state owned communal farmsy managed Dy worker committees.

After the military coup in 1973 the Iand ownership
policies of the government changed dramatically. The new
policy nas to place the agricultural industry in the
private sector. In 1978 the large communal farms were
being subdivideds and sold to private individuals. The
smaller farms that were previously leased are now being
sold to the former renters. The (argest farms of the

region are now about 20,000 hectares.
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Sheep ranching is stilli the singie most important
sector of the provincial economys. In 1965 the province
contained 2,979,272 sheeps 465290 cattles and 14,512
horses (IREN 1967)s, and agricultural exportations were
valued at US $6,685,302. In the same years, Magalianes
contained 41% of the sheep of Chile, and agriculture
emptoyed 17% of the work force of the province (IREN
1967).

2,5 The Intensive Study Area

The intensive field studies were conducted largely on
the Estancia Cameron in the centrai portion of Isla
Grande, from the north sliopes of the precordiilera to the
rolting pampas. The study area was chosen because it has
the highest density of guanacos in Chiles and probably in
all of South America. Figure 11 shows the different land

forns and river systems within the area.

The study area delimited in Figure 1 contained all
the habitats and vegetation types of the island, with the
exception of the wet mooriands and the high cordiliera.
Figure 12 glves a8 diagramatic crossection of the
physiography and vegetation of the area along a line

running north-south parallefl t> the international border
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Figure 11. Physiography of the study area on Isla Grande,
Chile.



odue|g

ugsgeug

apuely




I

‘uiseg apuedy Oly 3y} ssousde
4INOS-ylJOu SunJd uo13d9S dYyjl °eade Apnis 3yl JO UO[IIISSOID d1jeweabeip ¥ "zl 24nbl4

+ES SYdWvd SANVIHOIH 02IHD OIN NISVE ¥3IAIY FONVEO O L bS Yd37111040034d

VdWyd
YdWVd-3dYIN "1S3404 JYYIN
SANY DiHvd

JYYIN 8NY¥IS

ANIdTY
N m SA13I4 MONS

- 00V

> 009

. 002

= 008

P 0001

L ) L] L] L] . ]
0s¢ 00y oSy 005 0SS 009 099 00
SYILINIIW NI NOILVLIIAIOIYd

SYILIW NI' NOILYATT3



42

from 54 degrees 30 minutes to 53 degrees south [latitude.
The map in the back pouch shows the location of the
settliements, fencess roadsy riverss and forests of the
areas This map was compiled from forest type maps of IREN
(19567), aerial photoss and other maps. The area of the
estancia was approximateily 200,000 hectares Iin 1975, 75%
pampa steppey and 25% foresteds The forest was 167% lengay
and 9% nirrey, with only a little evergreen forest. The
nirre forest was generally found in small patches
interspersed in the pampa, forming a parklands vegetation
types which covers about 30%Z of the estansia. The

parkfiands association is shown in Figure 13,

Within the pampa grassiand there are large expanses
of matoral shrubss sphagnum bogss and rush meadowss SO
that probabily less than 50% of tae total estancia is in

the grasslands or bunch-grass paapa type,

The topography of the study area |is generaliy
rolling, with tittle rapid change in elevation. Going
intand from the headquaters on the coasts the elevation
rises steadily to 350 meters in a distance of 25
kilometers. After this rise to the top of the Useless Bay
moraines the area Is plateau llke, with the Rio Grande
basin draining to the east. Within the basin the

elevation varies from 300 to 400 meterse. There are
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Figure 13. A group of male guanacos in the parklands vegetation
association.

highlands both on the north and-ihe south of the basin,
These areas are covered with nirre forestss and are useil
as sheep summer range. The main sheep winter range s
along the shores of the Useless Bays wast of the crest of

the moraines and in the northeastern sector of the basin.

The entire study area was grazed by sheep and other
stock during at least part of the year. In Januarys the
estancia maintained approximately 130,000 sheeps and herds
of 1,200 cattles, and 600 horses. The sheep were grazed on

the range using a rotational grazing system. The range



44

was divided into summer and winter rangess which were
further subdivided into pastures. These pastures were
grazed in regular succession through the grazing season.
This type of range use Is based on the assumption that a
targe number of grazers will make more uniform use of the

forage (Stoddart ef al. 1975).

Most of the pampa and basin region was accessible by
four-wheel drive vehicle. However, the precordiilera and
the forested areas were penetrable only in {|imited areas
where logging or petroleum exploration activities were in

progresse.



CHAPTER 3

Methodology

3.1 Distribution, Movementss and Behavior

Seasonal distribution, movements, and behavior were
monitored through daily observations of guanacos and their
sign throughout the study area during the entire year,
Methods included systematic aerial and terrestial surveys,
The aerial surveys were flown in fixed-wing small aircraft
at Jow altitudese. A minimum of two surveys were flown
annuatliy: one in mid-winters July or August; and a second
in late summer, in February or Marche. Terrestial surveys
were conducted throughout the year. Observations were

made with the aid of 9X36 binoculars and a 15-45X spotting
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scope. Al guanaco observations were recorded on

vegetation and topographic maps.

The distribution of guanaco sign, especially fecal
material, was used to determine distribution and seasonal
use., However, since guanacos defecate in communal piles,
fecal transects were used only to indicate presence or

absence of guanacoss not population density.

Attempts were made to tag guanacos for use in the
study of movements and behavior. dand capturing of
new=born was feasibles but subsequent observations
indicated a very high mortality of tagged young, so this
method was discontinued. Immobitlization with Pneu=-darts
and Sucostrin was successful in trials with captive
aninals (Raedeke 1976). Howevers field attempts were

unsuccessful,

Jaily movements and behavioral patterns were studied
through intensive observations of tagged and naturally
marked animals within coherent social groupse. These
obsarvations were made from a distance Wwith the aid of
binaculars, in order to not interfere with normal

behavioral patterns.
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3.2 Growth and Condition

Data for the analysis of growth and condition were
collected from three sources: free-ranging guanacos
collected during the studys animals found dead from
natural causess and animals captured alive. Whenever
possible the following measurements were taken: total
weighty carcass weights organ and systems weights, total
length (tip of nose to base of tail along the contour of
the body)s» hind foot length (heel to the point of the
hoof)s tail ltengthy ear tengths chest girth (circumference
of the chest immediately posterior to the shoulders),
height at shoulders and the length of the lower jaw (from
mental foramen to the posterior corner of the jaw

articulating surfaces see Figure 14),

Physical condition was measured by the Kkidney fat
index (Riney 1955)y (ength=weight ratios (Taber 1956a),

and bone marrow analysls (Cheatum 1949),

To calculate the kidney fat indexs the weight of the
kidney fat Is divided by the weight of the kidney without
the fat. The amount of surrounding fat inctuded in the
measurement is standardized by trimming the fat from the
ends of the kidney perpendicutar to the long axis of the

kidneys tangential to each end (Riney 1955)., The weight
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Figure 14. The method of measuring the length of the lower jaw.

of the kidney and kidney fat was measured wWwith a spring

balance scaie to the nearest gram,

The growth of the eye Ilens was obased on the wet
weight of the lens from guanacos collected in the study.
The eyes were removed immediately after the animal was
sacrificeds and preserved in 10% formalin for 14 to 17
days. Both lenses were then removed» and weighed on a

Mettier analytical balance.
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3.3 Reproduction

The reproductive ecology of the guanaco was
determined through the analysis of reproductive tracts
collected from free-ranging guanacossy microscopiéic analysis
of ovariess observations of changes in population
structure during the parturition season, field necropsies
of natural mortalitiess and the observation of breeding
and reproductive ecology of captive and free-ranging

animalse.

An attempt was made to collect a representative
sample of females from all age cliasses throughout the
year. In the process of the autopsys the presence or
absence of a fetusy condition of the fetuss number of
corpora lutea, evidence of resorbtion or abortions and the
condition of the mammary glands was recorded. In the
early stages of pregancys the entire reproductive tract
was preserved In 10% formaliny and in the later stages,
only the ovaries Wwere preserved, At standard
measurmements were recorded for both the fetus and the

femal e,

The ovaries collected were sectioneds mounted and
stained by a commercial taboratory for examination of the

ovarian structures. The ovaries were first dehydrated,
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cleareds mounted in paraplast, and cut into 1.5 mm thick
blocke A permanent microscopic section was cut from -each
block and mounted. With the aid of a 40-100x microscopes
the number and development of the ovarian structures such
as the corpora (luteas corpora albicantia, accessory
corpora luteas regressing corpora luteas and graffian
follicals was determined. The identification of the
ovarian structures was based on the work by San Martin et
ale (1960)s and Palominao and Torres (1968) who described

the physiology of the ovary of the alpaca Lama RPagQs.

Field necropsies of guanacos dying f€from natural
causes yielded further iInformation on ovulation rates,
resorbtion of embryoss and general reproduction, The
reproductive tracts of all <carcasses were throughly
examinedy, and the same data was recorded as from females
collected. Special attention was given to the condition
of the females and any indication of abortion or

resorbtion of the embryo.

The observation of herd compostion changes during the
season of parturition yielded several sorts of
information: season of births parturition ratess and
neo-natal mortality. The methods employed are described

in the section on herd composition countse
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3.4 Mortality

During the study, every guanaco carcass encountered
was classified when possible with regard to ages sexs
cause of death, date of deaths and tocation. Systematic
searches were regularly conducted in areas where guanaco
carcasses were most likely to be found, especially on key
winter range. Field necropsies were perforned on all
carcasses to determine physical conditions cause of deaths

parasite loads, and other debilitating conditions.

Neo-natal mortatity was estimated through the
observation of the female-chulengo ratios throughout the

years and especially in the post-parturition period.

Guanaco remains were sexed on the basis of pefvic
bones (Taber 1957a) and the size of the canine teeth.
Male lamoids have canine teeth that are much larger than
those in females (Cabrera and Yepes 1940, and Koford
1957). When the age of the individual is taken into
considerations, there is no overlap in size of canines

between the sexes.

Upon initiation of this study, there was no published
method for determining the age of individual guanacoss or

of any South American lamoid. In the course of the study,
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three methods were developed to determine the age of any
individual, based on dentition, Tooth replacement was
used for individuals less than 3 years olds and annuli in
the tooth cementum and also tooth wear were wused for
individuals over three years oid. A detailed description

of these methods is given in Appendix A.

3,9 Herd Composition

Population structure was determined by observing and
classifying wundisturbed guanacos from a distance. Counts
were made periodically throughout the year. Howevers the
best period of the year was during the parturition and
breeding seasons (December through March)s when behavioral
characteristics that were critical for differentiating sex

and age classes were most pronouncede.

Most observations were made during the mid-day when
the animals were most visible as they foraged on the open
pampa. Binoculars were necessary for most
classifications, and a 15-45X spotting scope was often

needed to confirm age classes.
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The guanacos were classified into five different
classest adult males, yearling males (12 to 23 months
old)s adult femaless yearling femaless and chulengos
(young of the year, less than 12 months of age). Since
the wild lamoids are not sexually dimorphic (In physical
appearances it s difficult to sex them in the field,
except by behavioral characteristics. Whenever possible,
howevers sex was verifjed by observing the genital organs
when tne guanaco was defecating, wurinatings dustings
jumping Ffencess or when the tail was raised during social
interactions. Table 2 shows some of the characteristics

by which these classes can be distinguished,

3.6 Abundance

The density of guanacos in the study area was
estimated using the |line transect method described by
Gates gf ale. (1968). With this methods the population
size "N" was estimated by traveling a distance "L" across
a tract of land with area "A" in non-overlapping and
non-intersecting transect lines. The number of animals
sighted "n" was recorded together with the right angle
distance "X" from the animal to the transect at the time
of first sighting. One advantage of this method is that

the density estimates can be calculated on the basis of
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several different probability of sighting distributions,
depending on the nature of the distribution patterns of

the animats.

One assumption of this method is that the transects
are located randomiy throughout the sample area. This
proved to be impractical, therefore the systematic road
network of the study area was used as the sampling
frameworke Caughley (1977) argued that while the
precision of random sampling is greater, systematic

sampling is frequently more efficient.

All censusing was conducted at times when the
guanacos were most observables between 1000 and 1600
hourss on days without strong windss rain, sieety snows or
foge. Due to the great variability in observability of
guanacos beyond 500 meters, only those animals observad at
distances (less than 500 meters from the transect were
included in the results of the censuses from 1972 to 1975.
In 1977 all guanacos sighted were included in the the

sample,

An initial attempt was made to stratify the census
area on the basis of vegetation, but since the area iIs
characterized by small forests interspersed with pampas

the forest edge area is not clearly definables This made
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it difficuit to assign the animals to any particutar plant
community. dence it was impossible to stratify on the

basis of vegetation,

3.7 Food Habits

The composition of the diets of sheep and guanacos
was determined by two methods: firsts, the diets of
sympatric guanacos and sheep were determined by an
analysis of the fecal material coliected monthly from both
species; and seconds for the guanacos the general diet was
determined through analysis of rumen contents from
guanacos collected systematically in all seasons

throughout the study period.

3.7.1 Fecal Analysis

A composited sampie of freshly dropped fecal material
was collected from both sheep and guanacos occupying
sympatric range., The fecal samples were collected from
the area 10 kilometers north of Rio Grandes The area was
yearlong habitat for guanacoss and winter range for sheeps
although sheep were present in small numbers during the
summer also. The samples were coliected from June 1976 to

June 1978, The composited sample consisted of 5 peliets
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from 20 different piles each for sheep and guanacose.
Anthony and Smith (1974) reported that a composited sample
of 15 sub-samples was sufficient to describe the seasonal

diet for deer.

Standardized procedures were used to prepare and
analyze the fecal material. Microscopic slides of the
fecal material were prepared and analyzed using the method
of Sparks and Matechek (1968), Flinder and Hansen (1972),

and Hansen et ale (1977),

The procedure was as follows: after drying Ffor 24
hours at 50 degrees C, the composited pellet sample was
ground in a Witley mill through a 1,0 mm screen, A
teaspoon of the ground material was mixed in hot water
(approximately 42 degrees C) for one minute in a Waring
blender to randomiy mix fragments of similar size for
proper sub-sampling. The sample was then bleached for 1
minute in a common household bleachs rinsed in water, and
mounted on the microscope stide wusing Karo syrup. The
amount of material on the siide was measured such that
each field of view at 100 power contained approximately

three discernable fragmentse.
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An experienced biologist identified and quantified
the plant fragments in the feces. Fecal fragments were
classified into the <catagories of grasss grass—like,
browses and forbs. The fields on each sliide were viewed
under a 100X binocular microscopa. Five slides per fecal
samples and 10 fields per slide were analyzeds for a total
of 50 fields per sample, Frequency of occurance of
recognizabie plant fragments were tallied for each sample,
Frequency was converted to particle density per stlide by
using the Fracken and Brischle (1944) table. The percent
relative density (ZRd)s (the oparticle density of the
forage type divided by the total number of particies of
all forage types)s was calculated for each forage type

(Curtis and McIntosh 1950).

3.7.2 Rumen Analysis

The analysis of the rumen samples followed the
methods described by Nellis (1962) and used by the
Wildlife Laboratory, Montana State University. A one
liter sample of rumen material was collected from each
guanaco sampled. The samples were preserved in 10%
formalin wuntil analyzeds To separate the plant fragments
the rumen sampie was washed with fresh water for several

minutes over a gang of sieves, Material that remained on
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the 6.35 sieve was saved. Thlis ptant material from the
sieve was separated by speciesy and identifed by
comparison to a referencé plant collection. The reference
coltection, and all forbs, grasses and other questionable
material in the sample was identified by Edmundo Pisanos
pltant ecologist of the Instituto de ia Patagonias Punta
Arenass Chitle, A binocular microscope was wused as
necessary. The amount of each plant species separated iIn
the rumen analysis was determined by volumetric
disptacement, All averages were calculated by the

aggregate percentage method of Martin gt ale (1946).



CHAPTER 4

The Guanaco Population

4.1 Taxonomy of the Guanaco

The guanacos Lama guapicge» is a member of the family
Camelidaes which is the only famify in the suborder
Tylopodae. There are four species of the Camelidae in
South Americat the {lama, Lapa glamas; the alpacas Lama
R3c9s; the vicuna, Vigugna yicugna; and the guanaco. The
first two species are found onily as domesticated speciess
and are generally thought to have descended from the
guanaco (Fatlet 1961). Howevers Capurros and Silva (1960)
concluded that the alpaca is most cliosely related to the
vicunas and not the guanaco. They based their conclusions

on chromatography and electroparoresise. At present it
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appears that the phylogenetic relationships of the four

species are still uncertain,

The first description of the guanaco was given by
Molina (1782)y who called it Camelus hyanagcuys. Waterhouse
(1839) calied it Auchepia Llama» and the common name
auchenia is stitl wused to refer to all four lamolid
species. The genus was named Lapa by Frisch in 1779, and
Mueltler in 1776 called the species Camelus guapnicoe. Thus
the valid name of the guanaco is Lama guanicge Mueller

(Dennler de la Tour 1954),

Little work has been done on the taxonomy of the
possible races or subspecies of the guanaco. Lonnberg
(1913) described two subspecies for the guanaco mainly on
the basis of skutl measurements. These two subspecies are
Lapa guapicoe gcacsilensiss the small guanaco of the area
around Nunoas Perus and Jama guanicoe guanlcees a larger
animal, for the rest of the range of South America. While
these subspecies designations are still in common usage
(Grimwood 1968, Cabrera and VYepes 1940, and Krumbiegel
1944) the subspecies described by Lonnberg for the Nunoa
area has not been verified by later collections. Indeed,
Osgood (1916) and Aflen (1942) questioned the validity of
this subspecies, since Osgood (19163201) states that the

specimens he collected in the same region "are not closely
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related to the 'smali Peruvian guanaco' to which Lonnberg

has given the name Lama glama cacsitoansis (sic Lama
huanachus cagsilensis) and which shows great similarity,

at least in certain cranial charactersy to the vicugna®,

More recently, Krumbiegel (1344) described four
subspecies of guanacos on the basis of crainal
measurements of Lonnberg (1913), Osgood (1916)s material
from other collectionss and his own samples., His

classification is the following:

1. Lama guapnlges guanpigos Muller 1776 found in
Patagonias Tierra del! Fuego and Argentina south
of 35 degrees south latitude.

2e éafg quinicoe huyanacus Molima 1782 found in
hile.

3. Labda guapnigcoe cacsilensis Lonnberg 1913 found in
southern Peru and Bolivia.

4. L3ma guapicoe voalii Krumbiegel 1943 found in
Argentinas north of 32 degreses south latitude.

It has further been suggested (Bridges 1948) that the
guanaco of Isla Grands is a separate subspecies from that
of the mainlande This is based on comments that the
istand species |Is darker in color and larger in overall
size than the mainiand forms Howevers no such differences

have been substantiated to date.
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4.2 Historic Guanaco Populations

Ther are four distinct periods in the history of the
guanaco populations: the Pre-Indian period; the Indian
period; the Western colonization period; and the
Post-colonization periode 1In each period the distribution
and abundance of the guanaco was influenced by very
different factors. The purpose of this section is to
identify these different factors for each periods and to

describe the status of the guanaco in each period.

4¢2+s1 The Pre-Indian Period

The fossil record indicates that the family Camelidae
originated and developed in western North America, spread
by way of the tand bridges into Asia and South America in
the Miocenes and finally became extinct in its original
homeland (Simpson 1950). The fossit remains from the
Pteistocene in Argentina indicate that there were formeriy
many more species of camels than the present four (Lopez
1930)., Cabrera and Yepes (1940) report that the alpacay
tlamay guanacoy and vicuna were already four distinct
species in the Pleistocenes It is commonly believed that
the alpaca and llama were domesticated by man from the

wild guanaco and possibiy the vicuna. Howeversy the role
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that man played in the specéiation of the domestic forms is

stitl unclear» and the topic of current researche

Littile can be said about the status of the guanaco in

this periodes

4.2.2 The Indian Period

The Indian period covers the time during which the
Indians were the dominant ecological force in the
Patagonian region. It begins with the first arrival of
mans and ends with the displacement of the Indians by

European colonists and thelr domestic stocke

While there is still considerable controversy over
the time of appearance of aboriginal man in Patagonia and
Tierra del Fuegos, a reasonable estimate is 11,000 BP (Bird
1970)., At this time giant ground sloths Milodon and other
now extinct mammals were stiil roaming the pampas and
forests of Patagonia. Coincidental with man's arrival a
number of larger mammals became extinct: ground sioths,
horsess mastodons, giant armaditloss large camel-=like
creaturesy etc. Considerable controversy has developed
about the cause of these extinctions, especiaily man's

roles. Martin (1970) hypothesized that early man, the
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hunter, buitt up {ocally to temporary high densities as
the more vulnerablie targe mammals were being killed to
extinction. Other hypotheses include dramatic climatic
change resulting in 1{loss of the habitats of these
greatures (Webb 1978), competitive exclusion by more
modern forms (Simpson.1969); volcanismy diseasey and sea
tevel changes (see Miller 1979, and Martin and Wright
1969). Which of these hypotheses Is correct Is not known.
However, it 1is known that as man arriveds most of the
large mammals of the region became extincts teaving the
guanaco to roam the temperate regions of South America
free from competition with any other large herbivores.
The only habitats of the temperate parts of the continent
not occupied by the guanaco include the humid Valdivian
forest and the extremely wet moorlands of Tierra del

Fuego.

The guanacos of the Patagonias including Tierra del
Fuegos constituted an important part of the economy and
culture of the Indians of the regione. Gilmore (1950)

Writes that

"In the extreme southern part of the temperate
Neotropicas man buitt around the plains fauna,
particutarly the guanaco and rhea an ethnozoologic
culture without domestication which is comparabtle to
the bison—-antelope culture of the plains indians and
the caribou-elk (.ie moose) culture of the north
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woods and tundra indianss both of North Americ8eceece
To the Tehuelche, Puelches northeastern Araucanians,
Haurpes and Querand, the guanaco supplied meat for
foods fur and hides for ciothes and shelters bezoar
stones for medicines sinew for sewings pets for
pleasures a stimulus for myths and many
verbalizations to account for ages sexs colors, etc
and an object of time consuming hunting esctivity for
the men and the accessory duties for the women. Like
the bison~-hunting indians of Noth Americay the
guanaco-hunting Pampa Indiands were savage fighterss
easily shifting their hunting techniques to warfare
and fiercely resisting the inroads of the whites."

Barros (1963) stated that the Aruacanians of southern
central Chite had domesticated the guanaco for use as a
beast of burdens citing earlier authors who reported the
Indians wusing guanacos as draft animals for plowing.
Howevers, the aboriginal Indians did not have plowss hence
these reports have been discounted (Milier 1979), Except
for the occasional pet, the Patagonian Indians did not
have any substantial number of captive guanacoss and
probably no domesticated herds. Rather they relied on
hunting the guanaco with bolass bow and arrowss and

ocassionally dogs (Gliimore 1950).

While we have |ittle direct information on the
numoers of guanacos that existed during this periods we do
have substantial circumstantial evidence that guanacos
were extremely abundant in a wide range of habitats, and

probaoly numbers in the tens of millions. At the close of



67

this period, Darwin (1845:142) stated that: "the
guanacoeeseosan elegant animaleecsis the characteristic
quadruped of the plains of Patagoniaecese It is very
common over the whole of the temperate parts of the
continent.™ He went on to state that on the shores of the
Rio Santa Cruz in the southern Patagonia of Argentina, he

saw herds of up to 500 guanacos.

Prichard (1905:27) wrote that "literally thousands
appeared on the summits of the surrounding ridgese"
Musters (1871) recorded seeing herds some three to four
thousand strong. Rogers (1877) estimated that there were
1,500,000 guanacos in the region south of the Santa Cruz
river in Argentina. His estimate was an extrapolation

fron the Indian popufation size and hunting patterns.

It is not unreasonable to estimate the aboriginal
guanaco population to be in the order of 30 to 50 million.
The aboriginal guanaco range is now cultivated to a large
extent, and stitl supports over 45,000,000 sheep and
255,000,000 cattie. As late as the 1920'ss Romero (1927)
estimated the remaining guanaco population to be
3,000,000, and this was after the region was weil settied

and the cattle and sheep industry was at full production.
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Neither predation or Indian hunting pressures seenms
to have been sufficient to limit the number of guanacos,
except around the areas of traditional habitation. The
guanaco population was presumably at the carrying capacity
of the habitaty, and thus limited by food resources during
the critical part of the year. This hypothesis s
supported by the observations of Darwin (1845) and Stassen
(1916) who reported on the existance of large "guanaco
cemeteries®™ where guanacos reportediy went to die, This
idea still persists, even though Prichard (1902) explained
that these bones were the remains of guanacos that had
perished in severe winterssy after congregating in the
areas of reduced snow accumulations or where some brush

remained for foraging.

Figure 15, adapted from Dennler de Ia Tour (1954%)
shows the distribution of the guanaco in the 18th century,
before the arrival of European many and the reduced

distribution of the 1950*'s,
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L/
PRESENT DISTRIBUTION

[]:I:D DISTRIBUTION BEFORE 1800's

Figure 15. The aboriginal and present distribution of the
guanaco in South America, adapted from Dennler
de la Tour (1954).
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4.243 European Colonization (1850%s to 1950's)

During coloization period the guanaco fared badly.
Their range was preempted in large part by the (livestock
and farming industries, while their populations suffered
from uncontrolled hunting for hides and meat. The guanaco
was reduced from the characteristic quadruped of the pampa

to a threatened and declining species,

In Magalilanes and South America in general, the
principal decline of the guanaco was related to the rapid
development of the sheep industry. In the province of
Magalianes, the domestic sheep population rose from 800 in
1877 to 25,625,000 in 1931 and stabilized at about
25900,000 in the late 1960's (Erasmo 1972). With the
sheep came many changes. Bridges (1948) indicated that
the pampas <changed from a tall-grass to a short-grass
community. This was accompanied by an increase in the
wild goose (caiquen) population that thrived on the
short—-grass community and are are now considered a plague
in the region. After 1935 the sheep populations
stabilized and actually began to decline in some areass

presumably as a consequence of overgrazing.
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In an earlier paper (Raedeke 1378)y I hypothesized
that competition with domestic sheep was the principal
cause of the guanaco decline in this period. This
hypothesis is the subject of the present study, and will

be discussed in detail In the following sections.

Guanaco numbers were apparently reduced not only
through competition with sheep that occupied their former
range, but also by the accompanying personnel and
management practices, The poorly paid sheepherders were
encouraged to augment their low wages by hunting guanacose.
Furthermore, fences that were constructed for sheep
pasturing entangled and killed thousands of guanacos. One
large estancia on Isia Grande had a crew of men that did
nothing by but clear the fences of guanaco carcasses for
the first few years after construction in the early 1900's
(D. McDonald per. comm,). Forests and other marginal
sheep rangess used by guanacos for winter covers wefre
cleared by burning to increase sheep production. At one
time there was a bounty on guanacos as they were
considered pests (Bridges 1948). It was even suggested
that a disease be introduced to eliminate the guanaco

{Romero 1927).
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Commercial hunting also played an important role in
the reduction of guanaco numbers. Stassen (1916) reports
that from Argentine province of Chubut between 30 and 40
thousand chulengo hides were exported to Germany in one
year alone. On Isla Grandes numerous individuals made
their Jliving by hunting chulengos. An older sheepherder,
who has spent his entire life on the isiandy reported that
in about 1940 over 15000 chulengo hides were harvested in
the central part of the island alone. Allen (1942)
reported that in 1928, 300,000 guanaco hides (of all age

classes) were exported from Argentina,

Many sheepherders felt that the extreme hunting
pressure in the 1930%s and 1940's on the new=born
chulengos had reduced recruitment to zero and that the
entire population was about to crash (Dennter de la Tout
1954). Adults were 1less prized since their wool was
shorts and the meat was considersd to be good onty for dog

food.

In the 1930's most of the South American countries
with guanaco populations enacted Ilaws that gave the
guanaco limited protection, The kilt was generally
timited by law to the adult maless, and the chulengos were
fair game only during a restricted season of the yeare.

Howevers most of these laws were either unenforcable or
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ignored. In fact, the welil armed national police and
militarys charged with the enforcement of the l(awssy were
often the most ftagrant violators. Accounts of police
shooting guanacos and vicuna with machine guns are common
in the literature (Dennier de ia Tour 1954 and Jungius

1971).

The decline in the guanaco population s best
documented in Argentinas which had by far the fargest
aboriginal population. Romero (1927) estimated that by
the 1920's the population had declined to 3 mitlion,
Cardozo (1954) estimated the same population to have been
further reduced to 300,000 by 1948, There is littie
information on the decline in Chile, but it presumably
followed that same pattern, Figure 15 shows the reduction
in the aboriginal range distribution of the guanaco by the

1950°'s.

4.2¢% Present Guanaco Populations

In recent times the status of the guanaco in South
America has continued to deteriorate. The population
numbers have declined and the distribution has been
reduced.. Less than one percent of the aboriginal

population survivess and especiatly in the northern part
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of the range, remnant herds are smalle. The guanaco must
now be considered at least to be "vulnerabie”™ and probably
"threatened" over much of |ts range (IUCN classification

systemy see Miller et al. 1973).

The principal causes of the continued decline are not
unique to the guanacos but rather are common phenomena in
developing countries. First, other tha legal protection,
with only sporadic enforcements there is no active
management of the species in any part of South America.
This is mainly due to a {lack of knowledge about the
species life history necessary for the development of a
management program, Seconds while sheep numbers have
stabilized, the herds are held above the carrying capacity
of the ranges so the range continues to deteriorate
(Howard 1969), despite efforts in range management (Erasmo
1972). These problems and their effects on the guanaco
population willi be discussed in detail in the later

sections.
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4.2.9 Current Guanaco Population Size

The total population of guanacos in South America in
1973 numbered approximately 125,000, distributed as
follows: Argentina - 109,000 (Nuevo 1975), Chile - 13,000
(Miller ef al. 1973)s Peru - less than 5,000 (Grimwood
1968)y Bolivia - no verified population (Bejeranos opere.
commne)e. The decline of the guanaco populafion is best

documented for Argentinas and is given in Table 3,

Table 3. The decline in the guanaco population of Argentina

since 1926.
Year Population Source
1926 3,000,000 Romero (1927)
1954 350,000 Guildbride (Cited by Nuevo 1974)
1970 300,000 De Caro & Nuevo (1973)
1973 281,000 Nuevo (1974)
1974 109,000 Nuevo (1974)

1675 70,000 Raedeke (1978)
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4426 Present Guanaco Distribution

The current distribution of the major guanaco
populations in Patagonia is known only in broad out!ine,
For the most parts the guanaco has been eliminated from
the Jlarge and Ffertile pampas as a result of competition
with sheeps itlegal hunting, and deterioration of the
range due to overgrazinge The guanacos are now found in
the less accessiblies, rough or scrub iands (Howard 1969).
Small numbers are found throughout the range as described
by Dennler de la Tour (1955) (see Figure 15). However,
the present distribution must not be considered to be
continuouss but rather to consist of smali isolated

populations of varying statusy and only local abundance.

In Magallanesy extensive surveys were conducted from
1972 to 1975 to document the distribution of the guanaco
nore precisely, Figure 16 shows the' distribution and
relative densities of the guanaco in 1975 throughout the
province. The total population was estimated to be 10,000
individualss with 7,000 on Islia Grandes and the remainder
on the mainfande These estimates are based on six aerial
surveyss and eight road transect censuses (Raedeke 1978),
Throughout Magallaness the guanaco is limited to the
national parkss rugged marginal sheep ranges, forested

areas» and to several of the large estancias that stitl
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Figure 17. Distribution of the sub-populations of guanacos in
southern Isla Grande, Chile.
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existsy where sheep ranching is not as intensive as on the

smaller, privately owned ranches,

The guanaco study areas roughly corresponding to the
Estancia Cameron of 2,000 square kilomaeters had (in 1973)
an estimated guanaco population of 5,000, or 50% of the
total population of the provinces This large estanciay
located at the southern extreme of the profitable sheep
ranges contained this large guanaco population because
there was adequate winter cover and browse, the area was
marginat as sheep range, management was not intensive, and
there was fittie guanaco hunting. The dynamics of the
Estancia Cameron guanaco population will be discssed iIn

detail in a ltater section.

Within the study areas and ali along the foothills of
the Andess one finds both seasonaliy migratory and
non-migratory guanacos. The seasonally migratory guanacos
move up in elevation in the springs following the retreat
of the snowe In map distance, the maximum movements are
about 40-50 kilometers between winter and summer range,
with an elevation gain of 600 to 1500 meters, The
migrating guanacos pass from the southern Rio Grande basin
grassiands througnh the deciduous forests and spend most of
the summef on the meadows in the precordiileras White the

majority of the guanacos in the area Iinhabited by the
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migratory population do migrate seasonally, one can still
find guanacos in reduced numbers on the winter range area
in all seasons of the year. The non-migratory guanacos
are found principally to the north of the Rio Grande. In
this region the guanscos do not make any predictable
seasonal movements. Howevery, they are somewhat nomadic
due to disturbances caused by domestic stoc movements.
These two populations are quite distincts however, they
are not geographically isolated,. The distribution of

these two sub-populations is given in Figure 17,

The bloftogy and 1life histories of these two
populations differ greatiys and they will be compared, and

analyzed separately whenever possible.



CHAPTER 5

Growth and Condition

The guanaco has been characterized as an elegant
aninal (Darwin 1845), as "ili-proportioned and awkward"
(Allen 1905320)» and as "the least handsome and most
stupid"® of all the animals of Patagonia (Simpson

1934:190).

In appesrance, the guanaco 1looks |ike @ smalt
humpless camels with the 1fong 1{29s of a colt, a long
siender necks a short and bushy tail, and feet with broad
flat pads behind divergent hoofs. The head is camel=likes
horns are never present, the ears are long and pointed,
and the lips are highly mobiie and deeply cleft. The
guanaco is distinguished from the similar tooking vicuna

by the presence of callosities on the inner side of the
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Figure 18. An artist's portrayal of the guanaco in its
natural habitat on lsla Grande.
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forelimbss and the lack of the characterislitc white or
yellowish bib of the vicuna (Walker 1963), The general
color of the guanaco is a reddish browny, with a grayish
colored heads and white underparts. Flgure 18 gives an
artist®s portrayal of the guanaco in its natural setting

on Isla Grande,

To the casual observer, both sexes look alike, They
are f{identical in coloration, and siwmilar in size. 1In the
fields behavioral differences provide the only quick means
of sexing individualse. Howevers careful measurements
reveal differences in conformation between the sexsy as

will be detaliled in a Jater section,

The guanaco is the largest of the wild ungulates of
temperate South America. However, it is smaller than the
domestic. t1amas which has been bred as a beast of burden.
Table 4 gives the average measurements for all adults
guanacos collected in this study. Wwhen we compare these
measurements with those of other authors, given in Table 5
we find that the guanaco of Isla Grande is the heaviest of
the reported guanacos. O0Osgood (1916), Allen (1942), and
Lonnberg (1313) made the generalization that the southern
guanacos were the largest of the speciess based on various
measurementss including the skuli. However, when we

compare the other body measurementss the trend is not so
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clear. In facts the guanaco of Tierra del Fuego is only
larger in skeletal size than the guanacos measured by
Walker (1975)s Cabrera and Yepes (1940) and Osgood (1916),
which were collected at different extremes of the
geograpnic range of the speciess and not as large as those
of Romero (1927)s Allen (1905)y Stassen (1916) and Cardozo
(1954). The inconsistencies in these recorded
measurements might be due to the inclusion of the
sub-adults in the sampies and imprecise measurements
especially in total weight. Until more data is available,
we can say little about the ratative body size over the

range of the species,

5.1 Growth

A knowledge of the growth patterns of a species is
useful in calcutating the biomass and yield of s
poputation, and in the comparison of the well being of

different populations.
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B5«lel Post-natal Body Growth

The size and growth of an organism is correlated with
sexs age, nutritional levelss and genetics (Nellis 1962,
Wood and Cowan 1968). Nutrition and genetics are
considered to be the wultimate Ffactors influencing the
adult body slize in ungulates, while age is the oprimary
factor in early life (Nellis 1962, Anderson gt al. 1964s,
Bandy et al. 1956, Park and Day 1942, Johnson 1937, and
Taber 1956b). Models of growth should then be based on

sexs ages nutritions and genetics to be most meaningful.

A large number of suitable mathematical models have
been developed to describe post-natal growth (see Huxley
1932 and Brozek 1963). While many efegant procedures are
currentiy in uses the suitabiltity of any mathematical
model must obviously depend on the extent to which it
describes the actual process in a biological sense. Wood
and Cowan (1368:111)) suggest that until more data become
avallabley "little purpose is served by the application of
elaborate mathematical procedures to the growth curves of
wild herbivoreseesit would seem that a simple course of
growth curve provided the most meaningful expression of

events,"”



88

Sufficient data have been collected on the guanaco in
the present study to model post-natal growth of the
following parameters: total weight, total fength,
hind-foot lengths, and the length of the mandible., The von
Bertatanfy (1938) growth curve has been used to model the
guanaco growthy and it has the follwing form for the

fength parameters:
L=im(l.0-exp({~-age+tto)(k))) (1)

where "|I" js the lengths "Lm" is the asympote of the
curves or the maximum {length attaineds "to" is the age
when length is zeros and k" is the growth rate parameter,

The formula for growth in weight is the following:
WasWm{le.O~exp(—(age-to)(k)))*%x%x3 (2)

where "W" is the weights and "wWwm® is the asymptotic weight
attaineds and the other parameters are identical to

équation (1),

The growth data has been analyzed by noniinear
regressiony, using the BMBX85 routine (Dixon 1970), and was
compared to results from the SPSS nonlinear regression
routine (Nie gt 2al. 1970). Table 6 gives the estimated
regression equation parameters, and the results of the
tests for sexual dimorphism. Figures 19, 20s 21, 22y 23,

and 24 plot the growth curves and the data pointse.
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Table 6. Estimated regression parameters for the guanaco growth
models. The differences between the sexes are compared
for all values.

Parameter Sex Lm or Nm k to Sample Size

Hind-foot M 50.91 .912 -1.512 34
“length F 49.64  .905 -1.717 41

P values <.005 >.05 <.02
Mandibular M 20.27 .956 -0.825 148
length F 20.37 1.135 -1.052 166

P values <,00] <<.001 <<.001
Total Length M 191.41 1.013 -0.774 17
F 193.96 3.708 -0.201 20

P values <.02 <.005 <<.001
Total Weight M 118.44 1.858 -0.329 11
' F 120.08 1.824 -0.544 14

P values >.05 >.05 >.05

A1l length measurements are in centimeters, and weights are
in kilograms. The total weight of the females has been
corrected by subtraction of the weight of the reproductive
tract.

The growth pattern of the guanaco follows that of
many ungufates, with most skeletal growth occuring the

first two years of life (Nellis 1962). An individual
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reaches 80 to 85% of adult size by two years of ages, and
by three years of age the individual guanaco has reached
full adult body size. The epiphyses of the 1ong bones
begin to fuse at age three yearss and by age fours no
further growth in length is possibles However, weight
continues to increase even after skeletal growth has
stopped. This is the general pattern for all growtn

parameters measured In this study.

This pattern of growth makes it difficult to make
field classifications by individual ages beyond the age of
three years. Past three years, size is not highly
correlated with age, Furthermores while the 0 to 1 age
class is quite distinct from the older age classesy the 1
to 2 year-olds are not readily distinguishable From the 2
to 3 year-olds. Any attempt to classify animals that are
almost two years of age ( i.es yearlings in December) will

result in considerable error.

The general hypothesis of this studys that the
guanacos are in direct competition with the sheeps and
have been displaced from the prime ranges can be tested
indirectiy through an analysis of growth. Since growth is
a function of nutrition (Brody 1945, Maynard and Loosti
1956, Bandy ef al. 19565 Anderson gt 3le. 1964)s we would

expect that animals occupying marginal range would tend to
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be smaller in sizey and grow more siowly. Hence, I would
hypothesize that the seasonally migratory guanacos that
occupy range areas that are on the fringe of the historic
guanaco ranges would be at a lower nurtitional pliane, and
hence be smaller and grow more slowly than individuals

which stili occupied excellent habitate.

To test this hypothesiss, the growth functions of the
two sub-populations are compared for each sex. The
parameter to be analysized is the length of the the Ilower
jawy since this is the only parameter for which sufficient
data exists for both groups. The results of the tests are
given in Table 7. We find that the resident guanacos,
those occupying the traditional range areas of the
guanacos are larger (they have a farger Lm)y and they grow
faster (they have a larger k) than the migratory guanacos.
The smaller "to"™ (the age when {length |is zero) also
reflects a more rapid growthe As we can see from the
tabiles the pattern is identical for both sexess and the

diffrence are highly significant in most casese.

From this tests we can conclude that the migratory
guanacds are truly smaller than the resident guanacoss and
that this 1Is probably due to their lower tlevel of
nutrition. An alternative hypothesis of genetically

isolated sub-population is not tenabley since these two
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Table 7. A comparison of growth parameters in migratory and
non-migratory guanacos of Isla Grande, Chile.

MALES
Sub-populations Lm k to Sample Size
Migratory 203.56 0.7957 -1.421 106
Non-migratory 203.94 1.2951 -0.658 60
P values <.05 <<.001 <<<.001
FEMALES
Sub-populations Lm k to sample Size
Migratory 202.46 0.3735 -6.254 78
Non-migratory . 204.60 1.1480 -0.808 70
P values <.005 <<.001 <.005

groups of .guanacos are not geographically isolated,
Indeed» the social organization of the speciess with
territorial malesy and a high degree of polygynys and
forced emigration, would surely guarantee a high degree of
gene flow between these groups. This hypothesis will be
examined again through an analysis of demographic vigor in

a tater section on population dynamics.
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5¢142 Growth of the Eye Lens

The weight of the eye lens has been used to determine
the age in a variety of animals (Taber 1963)., The
technique was based on the work by Lord (1959) who found
that the eye lens of mammals grows continuaity throughout
lifes and that the weight of the lens could be correlated
with the age of the animal. Later studies have shown that
the weight of the lens can also be used as an indicator of
nutritional level of the populations and the well being of
the different populations could 2e compared by an analysis

of the eye lens growth functions (Lord 1962).

During the present studys eye lens weights were
obtained from 24 guanacos aged by tooth cementum annuli
and tooth replacement (see Appendix A). The weights of
the lenses were related to age through regression of the

following equation:

W = a + bX*kk (3)

where "W" is the weight of the lenss, "a" is the weight of
the 1tens at birth, "b" and "k" are the growth parameters,
and "X" j§s the age of the guanaco measured in years. The
growth of the lens, based on this regression is shown in
Figure 25. The sexes have not been treated separately,

due to small sample sizes even though a difference in lens
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OGROWTH OF THE GUANRCO EYE LENS
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Figure 25. Growth of the eye lens in guanacos from Isla Grande.
Both sexes are included in the sample.

weight between sexes has been demonstrated for the

Cotumdpian black-tailed deer by Longhurst (1964).

From the Figure 25 it is obvious that the lens weight
can be wused to distinguish only between the chulengos
(tless than 1 year of age)s yearlings, and adults.
However, these age classes are much more readily

identified by examination of the dentition or other Dbody
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parameterse. Therefores the greatest promise for the lens
growth analysis would seem to be for the comparison of
nutrition levels between the different guanaco populations

when more data becomes available.,

52 Sexual Dimorphism

Charles Darwin (1871) puzzied over the question of
why males and females of the same species often are so
greatly different from each other in appearances size and
behavior. He concfuded that sexual selections a form of
natural selection, "shapes the anatomical, physiological,
and behavioral mechanisms that function shortiy before or
at the time of matings and serve {in the process of
obtaining mates...Derwin reasoned that competition for
mates among members of one sex leads to the evolution of
traits peculiar to that sex"™ (Wilson 1975:318). The
process of sexual selection is now referred to as

Pintersexual® and "epigamic®" selection (Huxley 1938).

The results of sexual selection are the dimorphic
features that increase the individual's competitive
abilities to obtain a mates such as large sizes rapid
growths and organs of threat and combat such as antlers,

tuskss, maness and canine teeth (Barash 1977).
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Since guanaco males actively fight for, and defend
territories as a means of obtaining access to reproductive
femalesy and females do not compete for malesy we would
expect that males would have evolved sexually selected

characteristicss such as those listed above,

To test for sexual dimorphisms the growth functions
were compared between the sexes. Secondly, the size and

growth of the canine teeth of the two sexes were compared.

It has long been known that the sex in the (amoids
can be determined by exausination of the canine teeth
(Lonngerg 1913, Cabrera and VYepes 1940, Bridges 1948,
Koford 1957, and others). Koford (p. 199) states that
for the vicuna "the female (canine) teeth extend six
miltimeters from the base of the jaws and 12 millimeters
in male"®, However, in guanacosy the canine Ilength alone
is not a distinguishing characteristic, since there is
considerable overlap between the sexes, But when the
overall mass of the tooth 1Is considereds there Is no
overlap. Raedeke (1978) deveiloped a '"canine index" by
multipying the height of the canine by the maximum
diameter at the alveolar rims This indexs combined with a
knowledge of the age of the individual allows complete
separation of the sexes. Fligure 26 shows the correlation

of the canine index with sex and age for 120 malac asnd 141
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females. The solid line connects the average for each age
classy and the vertical \lines represent the absolute
range. No data are ptotted for the 0O to 1 age class,
since the canine tooth erupts from the gum only at the age
of 1 to 2 years (see Appendix A), These data clearly
demonstrate that the guanaco has sexually dimorphic canine

teeth,
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Figure 26. A comparison of the ''canine index'' with age. The
horizontal bar connects the means, and the
vertical bars give the absolute range in each age.
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Active physical combat between males for territories
and thus access to females should select for males that
would be more successfPul in these fights, Alexander et
ale {1978) hypothesized that the degree of sexual
dimorphism should be a function of the magnitude of
polygnys and have developed a regression model that
correlates tody size with polygny for a large number of
mammatian species. Howevers the guanaco and the vicuna
are not as dimorpic as is "predicted" on the basis of the

regression analysise

Several hypotheses have been proposed to explain the
lack of obvious sexual dimorphism in camellids. Franktin
(1978:157)y working with vicunas suggested that since
femaies are permanently with the males on year round
territorys "they can base their selection (of a male) much
more on the acutal resources of the site (than on the
physical characteristics of the male)s In addition, the
males access to estrus females has already been determined
long before the breeding seasony so males do not directly
compete for females™, The obvious problem with this
hypothesis is that the males with territoriess hence
selected by the femalesy are the best able to compete for
territory, Therefore we would again expect males to be
sexually dimorphice. Furthermores as we wili see in a

tater sectiony, territorial guanaco males are most
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frequentiy tested immediately before the breeding season.
Territorial males that are unable to defend their
territory are displaceds and the winner then has access to
the estrus females. Koford (1957) also observed this to

be the case in vicuna.

Paul Sherman (per. comm.) suggested that for the
vicunas the big males may have been consistantly shot by
the focal poachers, thus selecting for smaller males.
While this may be the case in vicunas who have been in
contact with humans for many centuriess there has been no
such selection for large male guanacos by the Patagonians,
In facty, there has been a selection against the males,
since their hides are of lower qualitys and their meat
less palatable. Further, the guanacos of Patagonia have
been in contact with humans for a much shorter period of

time than have the vicunae.

Until the present studys the lack of detailed growth
data has precluded the testing of the initial hypothesis
of sexusl dimorphism in size in guanacos. Estimates of
body size have been made by eyes there being few actual
measurements of body size, Having sufficient skeletal
measurements to test the hypothesis that sexual dimophism
actuafly existss I modeled the growth of the total weilghts

total lengths hind-foot lengths and the mandibular tength,
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and then compared the the resulting regression values
using a Rao Chi-square test of the asymptotic deviations
of the parameters (Rao 1973). The resuits of the analysis
are given in Table 6 in the section on general growth.
The differences are considered to be significant if the P

value is ltess tha 0,05,

This analysis sths that males are smaller than
females in some measurements, and larger in others - i.e.
their body conformation is different. The males weigh
fess taan the femaless are shorter in head and bodys but
larger in hind=-foot length -~ that iss they have more

compact but taller bodies.

From these resufits I would conclude that the guanaco
is truly sexualily dimorphics and speculate that selection
for height and canine tooth size in males is due to their
method of fighting, and territorial defense. Since the
guanaco is historically an animal of the apen plein, speed
would be highly adaptive in territorial defense and
combat. In addition, guanacos do not traditionaltiy engage
in combat that would select for large body sizes such as
the ramming of sheep (Geist 1971) or the head long charges
of bison (Fuller 1960) and elk (McCullough 19686). Rather,
they chases bites and wrestie with their neckse This type

of combat could be selective for the tallery more compact
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bodys speed (longer legs)s and larger canine teeth of the

male guanaco.

The tremendous physiologica! cost of continual
yeariong terriorial defense could select for smaller body
size In the males. A smaller bodys with the consequent
lower total nutrient requirements could be a selective
advantage. For examples Belovsky (1978) <calculated that
in the absence of sexual selections the optimum size of
the bull moose should be smalier than that of the females
based on energetic and foraging constraints ( 200 kg. for
males versus 307 kg. for females). A snaller males, with
lower nutritional requirements night be better adapted to
withstand the rigors of territorial defense. Koford
(1957) and Frankiin (1978) both remark on the high cost of
territorial defense in vicunas and the reduction in time
available for foraging. Male guanacos face the same
physiological drain, and as a result are generally in
poorer condition than the non~territorial males (see the
following section for details on condition). Struhsaker
(19367) found that adult harem bull wapiti spent less than
one-~half as much time feeding as did cowss. . and more time
in energetically expensive activities related to the
maintaining their harem, Fiook (1970) documented the
subsequent decline in condition of these harem bulls

during the short period (30 days or less) when the wapiti
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bull is in rut, de further documented the partial
recovery of condition after the cessation of the rut,
before the onset of winter. Even with a partial recovery
of conditions the harem bulls are less likely to survive
the following winter (Flook 1970, McCullough 1966). Since
the guanacos continue to defend their territory after the
ruts there is no period when condition can be readily
regained. -dence, the large body size of the bull wapitiy
with its high cost of maintenances could be a disadvantage

for yearlong territorial defense.,

Interestingly, the species that are less dimorphic in
body size then "predicted" by the model of Alexander gt
ale (1978) are territorial yearlong: the two camellids and
two species of territorial zebras. Thus the ability to
successfully compete in physical combat may be a trade-off

with the abliity to defend the territory the yearlong.

53 Condition

The physiological condition of ungulates of temperate
regions tends to follow a cyclic pattern in response to
the quatity and availability of their resources (Brody
1945, Riney 1955, Bandy et al. 1956, and Taber and Dasmann

1958). Condition is defined as "the level of energy
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reserves of the animal with respect to internal and
external demands" (Taber et a3l 1959:72). The physical
condition of wungulates often reaches a critical level in
the most severe or limiting season of the year. Condition
indices have been developed that enable the biologist to
compare the relative <changes in condition oaver t he
seasonsy and between the sexes» age classes, and
populations. Moen (1973) and Stoddars gt ale. (1975) feel
that these condition indices can also be used to compare
the quality of the range occupied by the different

populationse.

A varijety of condition indices have been developed,
including subjective visual estimates of condition
{Leopold et 3als 1951)» bone marrow condition (Cheatum
1949), antler growth (Park and Day 1952), (ength-weight
ratios (Bandy gt a8le. 1956 and Taber and Dasmann 1958)s the

kidney=-fat index (Riney 1955)s and others.

In this studys the kidney-fat index seems to have
been the most responsive to changes in condition. The
fength-welight ratios showed no clear seasonal trend, most
likely due to the lack of a sufficient sample size., The
bone marrow technique was best suited to indicate the

degree of malnutrition in the cases of natural morality.
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The results of the kidney-fat index analysis are
shown in Figure 27, and in Tables 8 and 9. The data are
separated by sex and the reproductive status of the
individuale The data from the juveniies, which are in the
processing of growings are not plotted in the figure,
White this data does not allow detailed statistical

analysisy the following generalizations can be made:

le The seasonal condition of males is less variable
throughout the yecar than is the condition of the
females.

2¢ The seasonal condition of both sexes increases
during the summer and early fall, and declines
during the winter and springe

3, The overall condition of the males. is lower than
that of the females.

4, Nonpregnant females are in poorer condition than
the pregnant females.

5« The non-tercitorial males are in better condition
than the territorial males throughout the entire
year,

The interpretation of these ~r2sults wiil be more
readily understandable after the discussion of the social
structure of the guanaco. In generals the condition level
of any category of guanacos reflects their ability to
obtain access to the food resources; and their

physiotogical demands for growth and reproductions Thusy
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Table 8. Condition indices for male guanacos from Isla Grande, Chile

(1972-1975).

Kidney-tat Length-weight

Number Date Age Territorial Index ratio
Gl 8/72 +7% Yes 24.4 1.56
G6 12/72 6 Yes 3.2 2.18
G8 3/73 34 No 21.3 1.66
G9 4/73 8% Yes 41.6 1.31
Gl12 8/73 2% No 41.4 1.52
G13 8/73 6% No? 0.0 1.64

IDP1 2/74 3 Yes - 1.69
IDP2 2/74 4 No - 1.67
Gl14 5/74 7% Yes 36.1 1.65
G20 10/74 7% No 31.0 1.62
G23 12/74 1 No 13.4 1.65
G24 12/74 11 Yes 5.6 1.62

females, which in general have access to the best forage
resources regain condition rapidly in sunmer. However,
they rapidly lose in condition with the heavy demands of
the last months of pregnancy and lactation,
Non-territorial males are limited to the marginal parts of
the range due to exclusion by territorial males, and hence
their condition is generally (ower than that of the
females. Converselys the territorial males have access to
the better forage areass but are subject to the constant

drain of territorial defense and reproduction.
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Table 9. Condition indices for female guanacos from Isla Grande,

Chile (1972-1975).

Kidney-fat Length-weight

Number Date Age Pregnant ? Index ratio
G2 8/72 7% No 0.0 1.45
G3 9/72 9 mo. No 29.9 2.01
G4 11/72 6% Yes 0.0 1.53
G5 11/72 8% Yes 10.1 1.53
G7 3/73 6% Yes 61.2 1.45
G10 4/73 3% Yes 56.7 1.49
Gll1 8/73 8% No 0.0 -
G615 6/74 17% Yes 86.5 1.41
Gl16 6/74 6 mo. No 102.5 2.12
Gl7 6/74 1% Yes 80.0 1.54
G18 10/74 7% Yes 24.4 1.90
G19 10/74 44 Yes 52.3 1.63
G621 11/74 3% No 5.3 1.72
G22 12/74 7% Yes 29.¢ 1.67

While these conclusions seem to fit the general
pattern of conditions more work needs to be done on the
cycle of condition and its relationship to range quality

and behavior,.

Unfortunatelys no comparisons can yet be made with
other guanaco populationsy since no data existe When such

data have been obtained we should be able to evaluate
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different management techniques on the basis of condition
of the animals in the populationsy in addition to

demographic vigor.



CHAPTER 6

Behavioral Ecology of the Guanaco

Recent studies have demonstrated that the behaviorat
patterns of a species have evolved in response to the
total environment, and are an important aspect of the
ecology of the species (Geist 1971, Wilson 1975, and
Barash 1977). Behavior has been shown to influence such
basic aspects of a species life history strategies as
species distribution (Krebs 1971, Wilson 1975), popuiation
density (Orians and Willson 1964)y sex of offspring
(Trivers and Wittard 1973)y and even the sex of the
individual at different times (Robertson 1372), In
additiony it has tong been recognized that behavioral
interactions are an important factor in competition for
access to resourcess both at the intraspecific and

interspecific tevels, Behaviors then is a powerful
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mechanism in population regulation (see Wilson 1979, and
Barash 1977 for a review of this and general aspects of
the importance of behavior in the 1{ife histories of

animals).

In the following sectionsy, a general description of
the Dbehavioral wecology of the guanaco will be given,.
While a detailed study of the behavioral organization of
the guanaco was not a major part of this study, numerous
observations were made on behavior and its part in guanaco

biology.

Before the behavior of the guanaco is described and
discussedy several comments need to be made., First, as
was mentioned in the previous chapter there are two
distinct sub-populations of guanacos found in the study
area, migratory and hon-migratorye. These two
sub-populations have responded to their environments in
different mannerss and their behavioral patterns are often
different., Hences the two populations will be treated
separately when they differy, but where they are similar,
they will be treated together. Seconds most of the
fiterature on the behavior of the South American camels is
based on studies of populations at retatively high
densities. Koford's (1957) study was conducted in Peru

before the vicuna population was drasticaliy reduceds and
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Franklin (1978) studied a vicuna population in a reserve
where it had recovered under intensive protection. Other
titerature is often based on observations from the early
1900's when numbers of lamoids were much higher than today
(see Chapter 4 for a summary of this decline in numbers).
Apparently as a result of the reduced densitiess some of
the behavioral traits of the guanaco have changeds and new
patterns may be evolving. The changes presumabiy due to a
reduction in density will be noted in the following

discussions,

6.1 Social Groups

There are three principal types of soclal groups in
the guanaco population: family bandss male troopss and
solitary males. Each of these groups has distinct
behavioral strategiess which will be summarized in the

following sections.
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6¢lel Family Bands

The family bandd is the center of the guanaco social
system, The ban contains a single adult (alpha) male and
his harem of females and their young of the year. The
average band is made up of 5 to 6 adult females (mean of
55 with a standard deviation of 3.76s bpased on a sample
of 321 groupss with 1765 individuals)s 1 or 2 yearlings,
and the young of the year (chulengos). The number of
sub-adults (yearilings plus young) varies seasonally
throughout the year. A smalil, but fairly typical family

band ¥s shown in Figdre 28. The largest band observed

Figure 28. A small family band in the parklands vegetation
association of lsla Grande, Chile.
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contained 25 guanacos one male, 18 females (including
yearling females)y and five chulengos. It was observed in
the Russfin valley on April 8, 1972, While the number of
sub-aduits in the band varies over the years the number of
aduit females in the band does not change from season to

season (see Tabie 10).

Each family band occuplies a territory which the male
defends against all other guanacos. The degree of overt
territorality is related to the relative density of the

guanacos in the area. Where density is highs territorial

Table 10. The number of adult females in the family bands on
Isla Grande, Chile (1972-1975).

Date Mean 95% C.1.. Sample Size
b-72 10.5 + 3.1 9
6-72 7.4 +2.2 20
7-72 6.5 + 2.0 24
12-72 7.0 + 2.6 23
3-73 6.4 +2.9 36
5-73 6.5 +2.7 21
10-73 7.6 +2.2 13
12-73 6.4 + 1.4 25
5-74 6.0 +0.7 38
9-74 5.9 + 1.7 23
10-74 5.4 +1.3 36
12-74 5.8 + 0.5 15
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defense is frequent, In all casessy the family bands
occupy the best habitats availables, generalily the valiey

bottoms, near adequate escape cover,

The family band males are fully mature. The averase
age of the band males from the wild populiation averaged
8.0 years, based on a sample of 6 with ages of 7.5 6.0
8e5s T7e5» 7459 and 11.0. The family band males made up
only 18% of the males in the population as a wholes, as
shown by demographic and herd composition studies. The
remaining males were found in the male troopss or as

solitary males.

The composition of the family band is not rigidly
fixed, Changes in band composition were much more common
in guanacos that was observed by Koford (1957) for vicuna.
Most changes {in band composition were the result of the
loss or addition of a single female and her young, For
examples from June 18 to 21, 1972 the following groups
were observed on a flat ridge top along the head of the
Rio MacCtellands about two kilometers upstream from the
mouths 5(15252) 7(153,3) and 9(1s5,3), where group
composition is total (adult maless adult femaless
Juveniles). On June 22, a female and young from the band
of 5 had Jjoined the band of 7, which now totaled 9. A

week later the new band of 9 was again reduced to 7. The
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femate and young sppeared to have departed frow the ares
at this timesy, and her original band remained as 3
individuatls. Wwhether the same female and young were
involved in both moves is not Kknown. However, Koford
(1357) found that the fast vicuna to join a band was often
the next to leave the band, even though it may have
remained in the band for some days. The changes in
composition of a large territorial band observed in the
Russfin valley over a period of 8 months is given in Table
11l The band was easily recognizadle since it occupled

the same territory over the entire time period.

Table 11. Observed changes in composition of a large territorial
band in the Russfin Valley.

DATE GROUP COMPOSITION CHANGES IN COMPOS:. "ION

3 May 1974 12(1, 8,-,3)

5 Sep 1974 16(1,12,-,3) + 4 Adult females

25 Nov 1974 16(1,11,-,4) 1 Adult female, + 1 Chulengo
26 Nov 1974 16(1,11,-,4)

L4 Dec 1974 18(1,13,-,4) + 2 Adult females
8 Dec 1974 15(1,10,-,4) - 3 Adult females
19 Dec 1974 17(1,12,3,1) + 2 Adult females, 1 chulengo born

1 Yearling female
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Many of the changes in band composition were caused
by disturbances., Sheepherders and their dogs traveting
through a region cause the guanacos to flee for cover.
Often smali bands will join in flights, or a large band
Wwilt split in the confusion. In most cases, the original
bands will reforms but changes in composition of the bands

after such disturbances have been observed.

Territorial band males were observed to {imit band
size in two ways. First, after the "optimal" band size
had been reached, the male would attempt to oprevent
unattached females from joining the band. Second, the
juvenile males of the band were expa2lied once they had
reached an age when they could survive without further
parental investment, This would be advantageous for the
male {if the territories were fixeds resulting in a fixed
amount of forage available for the band. The optimum band
size would then be related to the size and forage
production of the territory. Frankiin (1978)s, working
with vicunass found that there was a significant positive
correlation between band sizes territory sizes and total
forage available within the territory. Examples of males

limiting band size will be given below.
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On August 8, 1972 two female guanacos approached a
family band of nine (1 male, five femaless and three
chulengos). When the two females approached to within 20
meters, the male chased after themy and they fled with the
mate in pursuit, They all disappeared from sight over a
ridge about 500 meters to the north. After about 15
minutes, the male returned to the band, which had
continued to graze during most of the encounter. Similar

interactions were observed throughout the study periode

The same pattern was not observed in smaller bands
containing only 1 to 3 females. These bands showed a
considerable amount of fluctuation in size and composition
over a period of weekss as females entered and left these
groupse Howevers in situations of high densitys and fixed
territorial boundss, the addition of females to even small
bands would be less likelyy, due to the Ilimited resources

of the territory.

Band males also timited their band size by expelling
their male offsprings The juvenile males were forced from
the band between the ages of 6 and 12 months, and most had
been expelled by 9 months of age. Franklin (1974) found
that in vicuna the mother determined the exact time when
the young were expeileds If she was physically protective

of ner youngs she could delay the expuilsion. Howevery, as
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the seasons progresseds the mother—-young bond would
weakens and finally she would not defend her youngs and
the mwale would drive the young male from the band.
Indirect evidence suggests this to be the case in guanacos
also. For example, females that were not pregnant the
succeeding year were seen to defend their young of the
year from explusion, and occasion even young males
remained in the band until they were over a year old. On
March 12y 1975 a yearling male was observed to nurse for a
few seconds as the mother grazed. She was not accompanied
by a new born chulengos and did not appear to be pregnant.
Howevers Jjuveniles males of over 14 months were never

observed in an undisturbed family band.

Yearling females are present in many family bands,
and apparentiy are genersily not expelled from the band by
the male, The data from the studies of population
dynamics and herd composition in particutars, indicate that
the number of juvenile females (1 to 2 years of age) in
the family band is predictable as a function of survival
rates of the juveniles. Herd composition counts in March
and April averaged from 20 to 24 yearting females (15
months old) per 100 adult females in the family bands.
This is compared to an expected 26 yearling females per
100 adult females in the bands based on survivorship data

(see Chapter 7 on the population dynamics). These
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calculations indicate that the percent of yearting females
that dispersed from the bands varied from a maximum of 23%
to a minimum of 8%. Howevers it is possibie that yearling
females were sometimes expelled from the family bands, and
were subsequentiy accepted into other bandse If this were
generally trues then we would expect to see family bands
with more yearlings than adultss or bands of all yearlings
and an adult male. Both of these types of bands were
observed by Koford (1957) in vicuna populationss but were
not observed in guanacos in the present study. Therefore,
I conclude that the yearling females ordinarly remained in

their maternal bands.

There are several possible hypotheses concerning the
question of why males do not expel their female offspring,
as do vicuna. Flirsty female vicuna seldom successfully
breed as yearfings (Koford 1957, and Franklin 1974) and
thus would contribute little to the reproductive output of
the bandy, while they would consume forage resources that
could be consumed by reproductive females. dowever, in
guanacoss an estimated 33%7 of the yearling Ffemales
reproduce, which is about half the rate of the adult
females. Thus the yearling females would contribute
significantly to the reproductive output of the band, and

thus increse the reproductive fitness of the band male,
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at the same ‘timer» they would replace natural mortality of

the adult females,

Seconds since the guanacos observed in this study
occur generally a low population densities, and
territories often appear to be only vaguely defineds band
size may not be highly correlated to territory size or
forage availabitity on the territory. This hypothesis
could be tested throuyh observations of social
organization in an area with high densitiess and fixed

territories,

tarlier authors (Housse 1930, Stassen 1916, and
others) have repeated fhe statment that if the family band
male was shots the females of the band remained with the
carcass, This was not observed in the present study.
Wwhen a family member was shot, tie other members of the
band fled without regard for the killed member., Females
also did not actively defend their youngs but rather
reltied on flight to avoid danger, I¢ a chulengo was
captureds the mother would remain within 75 to 100 meters,

and would vocallizey, but wouid not defend the younge.
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6el1e2 Male Troops

As in the vicuna, the males that are not part of a
family band form male troops. Barros (1963) wrote that
these troops were fed by a single leadery but this has not
been observed in thiss or other studies. Troops varied in
size from several guanacos to an observed maximum of 60
individualsy, including 15 juveniles. This troop was
observed in Septembers when the yearling males had
generally left the family bands. Koford (1957) found that
the male vicuna troops reached a maximum at this time of
the year. However, due to the tremendous variance in
guanaco troop size, the data from the present study faitled
to show any statistically significant (P=0.05) seasonal
patterns The male troop fluctuated almost continually
with regard to composition and size. Troops numbering 25
to 35 were common throughout the study areas but the norm
was closer to 15 or 20. Figure 29 shows a typical male
troop. The troop is apparently an open societys, which
members can join and leave with ltittie reaction from other
troop members. Most changes occured through the addition

or depature of small bands of 3 to 9 individuals,.

When guanaco population densities are highs the male
troops are excluded from the prime habitats by the family

bands. The male troops are then foreced to occupy the
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'Figure 29. Part of a large male troop in the parklands vegetation.

marginal habitat at the periphey. This.pattern is seen in
the Russfin valleys just north of the section Russfin, In
this valleys, the overall guanaco density is consistantly
highy since the area is good ranges with excelient forage
on the river plainsy water, and forest cover nearby. Male
troops are noticeably absent from the area when family
bands are present. Any male troops seen are generally
transient, Male troops that do enter the area are
generally chased from the valiey bottom, On two
occasions, male troops of 5 and 8 members were chased by
the Ffamily band males to the west to areas unoccupied by

the family bands. In Table 13 the compoasition of the
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guanaco groups: In the valley is given for a period of
several months. The percentage of males observed is well
below that expected Iif the guanacos were distributed

throughout the area at random,

Over most of the present guanaco ranges however,
guanaco densities are so reduced that mate troops can
occupy adequate habitat without fear of being expelied by
family maless The herd composition countss and the study
of distribution patterns, show that at flow population
densities the male troops and family bands are commonly
interspersed on seemingly homogeneous range. It is
possible that there were microhabitat differencess and
that the males were occupying marginal habitat, Howevers
this seems wunlikely since both types of groups regularly
shifted grazing areass and an area used by a family band
one day might be used by a male troop on succeeding dayss

and vice versa.

when not harrassed by males from family bandss the
male troops wusually grazed undisturbed in a single
vicinity for some time. For exampies a yearling male from
a troop of 35 males was tagged in Octooer 1974. Over the
next six months he was observed within an area of
approximately two square kilometers.s During this time,

only one encounter with a family band was observed. The
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male troop was attacked by a band males where upon it
split into two groups which fled from the band male, The
family band continued grazing through the areas and
departed the next day. The the foliowing day the male
troop was observed on the same area where the encounter

had occured,

Male troops are most readily identified by behavioratl
characteristicse. The male troop members engage in almost
constant play-fightings chasings neck-wrestling, and
biting. It is generally the yearlings and juvenites that
are engaged in the "play™ and the older males generally
ignore the activitiess, unless the playful individuals get
too close., If a troop member is approached too closelys
and does not engage in plays he wiitl often spit and kick
at the offender. This is also common among the females in

the family bandse.

On several occasionsy juveniie females were observed
in male troops. On May 6s 1974 at fteast two femaless both
about one and a half years old were seen in a male troop
of 17 guanacose. The closest family band was about 500
meters away. The males in the troop paid (ftittle special
attention to these femaless, and aitl grazed quietly. When
they were finaily disturbed by the vehicle, they all fled

as a groupe. It is possible that these females had
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recentty left their family band and had temporarily Jjoined

the maile troop,

6e1e3 Solitary Males

Many of the physically and sexually mature males were
observed on the range as solitary maless Franklin (1974)
concluded that vicuna males leave: the tfoop to took for an
unoccupied suitable site to establish a territory. He
reported (Franklin 1975) that only 0.2% in 1968 and 1l.1%
in 1971 of the vicuna censused were solitary males.
Koford (1957) did not recognize these soltitary males as a
cltassy presumably due to their Ilow frequency in the
popul ation. Neither of these authors reported any

seasonal trends in the occurance of solitary males.

In the present studys in contrast to these findings
in the vicuna, the average annual percentage of males
observed as solitary individuals was 14.5% (or about 8% of
the total population). Further, there was a marked
seasonal trend, significant at P=0.05, in the occurance of
solitary males. Figure 30 plots the monthly percentage of
all males that were observed as solitary. There Is a
distinct tendency for a male to separate from the male

troop Just prior to the onset of the breeding season,
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Figure 30. Monthly percentage of male guanacos observed as solitary
in the intensive study area, Isla Grande (1972-1975).

which occurs from mid ODecemder through the middie of
March. The percentage of solitary mafes was {owest in
mid-winter and July. Table 12 summarizes the data, and
given the appropriate confidence intervals for the monthly

samples,

why solitary males are relatively more nuwerous in
gusnaco populations than in vicuna populations is most
likely due to the more filuid social organization of the

gusnacos and the reduced density of guanacos on the range.
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Table 12. The percentages of male guanacos observed as solitary
males. Presented by month with the 95% confidence
intervals.

Month Total Males Solo Males % Solo 95% C.I.
January 439 80 18.2 (14 - 22)
February - - - -

March 524 64 12.2 (10 - 15)
April 48 2 4.2 (1 -12)
May 289 22 7.6 (5 - 12)
June 44 2 4.5 (1-15)
July - - - -

August 33 4 12.1 (5 - 28)
September 154 24 15.6 (9 - 22)
October 87 10 18.7 (13 - 26)
November 77 22 28.5 (17 - b2)
December 282 66 23.4 (18 - 28)
TOTAL 2257 362 16.0 (15 - 17)

With reduced densitiess suitable territorial sites are not
as limited as 1Is seemingly the case for vicuna, rather,
females are the (limited resources. Hencey with the
considerable movement of females between bandss and
suitable sites avallables more maies would be likely to
ileave the male troopss and attempt to form a famity band.
Since these (one males would not have to engage in
fighting for the sites, as they are unoccupied, their only
cost is the lost protection from predators that group

membersnip reportedly confers (Altmann 1974).,
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These data indicate that the solitary males are beta
males, most dominant in the male troops and fully sexually
matures yet unsuccessful in ousting territorial (alpha)
males. These males separate from the troop prior to
matings and attempt to establish territories and secure
matese. If wunsuccessfuls, many return to the male troops

until the fotlowing mating season.

6e2 Territoriality

A territory has been defined as "an area occupied
more or {ess exclusively by an animal or a group of
animals by means of repulsion tnrough overt defense or
advertisement® (Wilson 1975:256). Territorality s
adaptive when there is competition between individuals for
a \|imited resource which is defendablie (Brown 1964).
Resources most often cited as being defended within a
territory are food, nest or den sitess or mating grounds.
Witson (1975) reviews the examples of territorality in

which the primary function Is known.

Koford (1957) was the first to describe territorial
behavior in South American camelss in his study of the
vicuna in Peru., He found that a resident male vicuna

defends the home range of his band; that is he drives of
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males from the area in which his band normally grazes,
restsy and cares for their younge. Barring disturbancess
the band normally remains on their territory. However, a
band may be driven from it's territory by disturbance,
later returning. Koford hypothesized that the function of
the territory was to defend an adequate food supply for

the band.

Territoriality has presumably evolved to maximize the
increment to fitness from the energy resources utilized
from the defended area, at a cost of defense In energy,s
exposure to predation, less time for courtships neglected
offsprings reduced foraging times etces (Wilson 1975).
Hence territorial behavior is a Function of the parameters
of food distribution and abundances predations and density
of conspecifics. Changes in these parameters affects the

net benefits of the territorial strategy.

In the guanaco population of Ista Grande, the
distribution and abundance of the food resource have been
considered to be the most important factors affecting life
history strategies (Raedeke 1978)., In response to the
differences in the food resources two distinct territorial
strategies have been observed: spatiotemporal territories
in areas of low guanaco densities on poor ranges occuplied

by migratory populationsy and seconds the more classical
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territoriality as in the vicunas in areas of higher
density on the more productive ranges. These two models

of territoriality will be described beliow.

6.2¢1 Fixed Territories

On the most productive range areasy where guanaco
densities are at their highesty the social orgsnization
and territoriatl behavior of the the guanaco parallels that
of the vicuna as described by Koford (1957). The
principal difference between the two species Is that the
guanaco social system is more fluids with greater exchange
between famiiy bandssy and more frequent changes in

territorial borders, and occupation of territories.

The best example of the territory of Type Ay (Wilson
1975) where courtings breedings feeding, and resting all
occur on the same territory was observed in the Russfin
valleys two kilometers west of Russfin section. The
valley is approximately 900 meters wides bisected by a
creeks and with beech forest on the rolling hills on the
north and south sides. The area betweaen the creek and the
woods on the north was occupied by territorial family
bands throughout the year. For examples, on 23 QOctober

1973 the following bands occupied territories:
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13(1595053)y 1(1505,050)s 6(1s455051)s 3(1515051), and
6(15550»0)s These family bands were spaced almost exactly
one kitometer apart in the area between the creek and the
woodss on the opposite side of the creek from the road.
The solitary male occupied a roughly triangular territory
between two family bands on two sides, and the woods on
the third. All territories were roughly 250 to 300
hectares in area; however, the bounds between the family
bands were not precisely determined since Few group
interactions were observede No fights between the family
band males were observed. However, the two family band
maless and the soiitary male with abbutting territories
spent 25% of their time between the hours of 1400 and 1600
hours (the observation time) in displays along mutual
borders. Meanwhile the females of these bands spent the
entire time grazing (60%)y and resting and ruminating
(40%)« On 24 October 1973 the same family bands were
observed in the same positions. 0On 25 October 1974 the
band of three was not observedy and its territory was
unoccupied, The other bands were in the same locations-
iees they had not expanded to occupy the vacated

tercitory.

The number and composition of the groups that
occupied territories in the valley varied greatly over

time. Table 13 summarizes the observations of the groups
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Table 13. Guanaco family groups observed in the Russfin Valley,
Isla Grande. The observations were made over five

months.
Date Group Composition Date Group Composition

25 Nov 1974 8( ? ) 21 Dec 1974 4(1, 2,1,0)
16(1,11,0,4) 12(1, 8,2,1)
7(1, 5,0,1) 2(2, 0,0,0)
1(1, 0,0,0) 701, &,1,1)
26 Nov 1974 3(3, 0,0,0) 27 Dec 1974 1(1, 0,0,0)
7(1, 5,0,1) 10(1, 7,2,0)

7(1, 4,0,2)
3(1, 2,0,0) 24 Jan 1975 1(1, 0,0,0)
t(1, 0,0,0) 23(1,14,5,3)
16(1,11,0,4) 4(1, 1,0,2)
5(1, 3,0,1) 2(2, 0,0,0)
4 Dec 1974 1(1, 0,0,0) 27 Jan 1975 22(1,14,3,4)
7(1, 6,0,0) 1(1, 0,0,0)

18(1,13,0,4)
12(1, 8,0,3) 11 Mar 1975 1(1, 0,0,0)
4(1, 2,0,1)
8 Dec 1974 7(1, 4,0,2) 1(1, 0,0,0)
5(1, 4,0,0) 10(1, 6,2,1)
1(1, 0,0,0) 5(1, 2,1,1)

15(1,10,0,4)
12 Mar 1975 4(1, 2,0,1)
19 Dec 1974 17(1,12,3,1) 10(1, 9,0,0)
1(1, 0,0,0) L ?7 )
1(1, 0,0,0) 1(1, 0,0,0)
9(1, 6,2,0) 9(1, 6,0,2)
1(1, 0,0,0)
20 Dec 1974 2(2, 0,0,0) 10(1, 6,2,1)
10(1, 6,2,1) 5(5, 0,0,0)
13(1,10,0,2)
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in the valley over a 5 month periode Few groups could be
readily identified by composition or tocation over a
period of time exceeding several months. One large groups
occupying the better area in the valleys was observed from
May through December 1974, and the changes in composition

of this group were given in Table 11,

The territory of the family bands did not include the
sleeping areas. Generallys guanacos retreat to cover,
such as the foresty for slieeping at nights, and return to
the feeding grounds in the morninge The sleeping cover
also serves as escape cover when the band s disturbed.
Most territoriess such as those in the Russfin valley,
were bounded by forest on at least one side. Whether
various bands steep in close proximity as observed in the

vicuna (Koford 1957) is not known,

Band males defend their territory, and establish the
borders through aggressive encounters and displays. Males
of family bands are intolerant of any males in their
territory except for their own young of the year, and will
attack any male that violates the borders. Most of the
encounters observed during the study were between
territorial males and troop males. The family band male
would attack and chase ¢troops when they approached to

within 20 to 50 meters of the bands The male troop always
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fled Ffrom the territorial males, which might pursue them
several hundred meters beyond the borders of his
territory. On one ocasions a male chased a troop of 14
males for approximately 600 meters beyond the border of
his territory before returning. When these encounters
take places the female; of the band generally continue io

grazes or resty and take little apparent notice.

The encounters between band males generally occurred
along the mutual borderss and were mostly restricted to
aggressive disptays. As in the vicunas the male guanaco
displays seemed intended to make the male appear as large
as possible, The male would stand on any available
relief, with his neck and tail erects and display

broadside to tha other male.

Actual fighting between males occurs most often
between family band males and solitary maless especially
in November and Decembers Just before the breeding season.
When Fightings the males rear on their hind legs and kicks
neck wresties and attempt to bite the opponent on the neck
and force him to his knees. The bites inflicted on the
neck and legs often result in serious wounds. An eleven
year-old male was collected from a family band in
December. He had 78 visible scars from fighting,

distributed on the front of the hind legs (13)s inner
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front legs (17), back of the front legs (15)s the front of
the hind legs (11)y and the back of the hind legs (22).
Several of the wounds were fresh, and were not yet heatled
over. Males collected in months other than November
through January usually did not have fresh cuts or wounds.
The high idncidence of fighting between males coincided
with the peak in breeding and also when solitary males

were most frequently observed on the range.

Males can gain a territory and a band of females
either by combat with a band male, by taking over a band
in which the male has become incapacitated or killeds or
more commonly by defense of a territory at the perimeter
of the prime habitat occupied by family bands and
acquiring females that are not attached to a band. Since
individual guanacos are virtually inpossible to
distinguish, without tagged animals, it was impossible to
note changes in the individuals Wwithin the groups, other
than quantitatively, uniess the change was observed.
Hences fittle data was collected on the changes in the
composition in family bands. However, on one occasion, a
band male was collected from his band of 6 adult femaless
and 3 chulengose. He appeared to be replaced by another
male within two days, without doss or dispersal of the
band. Koford (1957) noted that in vicuna when a

tervitorial male Dpecame injured or removed from the



139

territory, the band dispersed or was taken over by a new

male.

Territorial band males did not defend their territory
against the other ungulates of the study areas atll of
which were domestic livestock. Unjike vicuna which fled
from their territories when livestock or domestic llamas
or alpacas intruded and did not return until the stock had
departed (Koford 1957), the guanaco were only temporaily
displaced by such encounters. Unless the livestock were
accompanied by herders and dogss, the guanaco were quite
tolerent of the intruders., With stock present on the
territory, the territorial band would shift their center
of use to a different part of the territory. Howevers, if
the stock were sheep in great numberss the constant
disturbance of the sheep, and especially the herders and
their dogs would finally displace the guanacose. Displaced
bands generally attempted to establish new territories in
suitable habitat outside the area of disturbances often in
an adjoining pasture without stocks Many of the changes
in groups and group composition observed in the Russfin
valley, and summarized in Table 13 resutted from the
movement of stock into the area, or stock in transit to

the Russfin shearing sheds and sheep baths.
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6.2.2 Spatiotemporal Territories

The migratory guanacos of the southern part of the
study aree (see Figure 17)s, and the guanacos in areas of
tow guanaco densitys, did not defend fixed territories as
described in the previous section. Rathers these two
populations defended the areas that they happened to be in
at the moment, The reasons for this behavior are quite
distinct for the two populationsy and will be addressed

separately.,

6.2.2s1 Spatiotemporal Territories: Low Density

Poputlations

If the function of territorial behavior in guanacos
is to secure an adequate food supply for the band, we
would expect changes in the food distribution and
abundance to modify territorial behavior., In areas of
high productivitys territories would be small, with
readily observed and defended barders, This was found to
be the case with fixed territories, as described 1iIn the
previous section. However, when the range production is
lows, the territories must be targes and would have
extensives, vague borders which could not be watched aill

the times and so could not be defended. For examples if



141

on highly productive range one square meter of range will
support a guanacos it must then defend 4 meters of border.
But {if it takes four square meters of poor range to
support a guanaco» then it must defend 8 meters of border,
and so on. After a points territorial defense is no

longer enegetically feasible.

In areas of ftower guanaco population density, the
family bands were cohesive, but nomadic within large
areassy and did not defend the entire area In which they
foragedy courteds or ©bred,. Instead of fixed territory
occuplied day after day, with definite borders, these
guanacos occupled a {large home ranges and defended oniy
the area immediately suppounding the band, The area
defended often varied over times and was used by several

band consecutively.

For example, on several occasions family bands were
observed to defend a territory in one area one day, and
several days later, a new band would Dbe territoriat in
that same location, In January 1973, two family bands,
with compositions of 9(15451,3) and 14(15s8525,3) were
observed feeding 250 to 300 meters apart on the open pampa
in a parklands area near the section Rio Grande. This
area s sheep winter range, and had not yet been grazed.

Howevery the forage was only moderately abundant &n the
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area. Each band contained one individually identifiable
tagged chulengo. Over a period >f January 6 to 9, 1973,
these two bands were observed to maintain a minimum
distance of 200 meters between the bandss, and the band
males generally grazed or displayed in the area separating
the bands. During the period of observations the two
bands exchanged feeding sites two times and much of their
feeding occurred |In mutually wutilized areas. When
disturbeds the bands often mixed in flightes Howevers
group composition remained unchanged on successive days

when they were undisturbed.

There are several possible expltanations Ffor the

evolution of the this typbe of territorial strategy.

Firsty "natural selection theory, predicts that an
animal should protect (defend) only the amount of terrain
for which defense gains more energy than it expends"
(Wilson 1975:268). Hence {if the resource is evenly
distributeds but in reduced amountss the costs of
expelling an intruder from a territory sufficiently large
to support the band may be an energetically wasteful
activitye. The resource may not be economically

defensible.



143

Second, at tow population densitiess territorial
defense may be mute or suspended since it may not be
necessary. In the previous examples the forage resource
may not have been timiting at the time for this density of
guanacoss or territorial borders may not have been
established since the lack of intruders has obviated the
need for the establishment of borders, Koford (1957)
showed that the territorial borders were established and
maintained in response to repeated incursions and forays
by neighboring males. These interactions not only

establishthe borderss but also continually tested them.

Thirds the forage resource in the areas of reduced
guanaco densiities may not be defensibles since the
resource is patchy in time, Fixed territories were
observed only in areas with resources that were more
continuously reneweds such as in the valley bottoms with
an adequate supply of moisture for continued plant growth.
In the areas of low guanaco density, the forage was patchy
over times since growth was Ilimited to the period of
spring moisture, and the availability of the forage varied
with the changes in sheep movements. Horn (1968) showed
that under such conditions, feeding areas are generally
not defendeds since the distribution of the resource is

not predictablie.
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6e2.2.2 Spatiotemporal Territories: Migratory Populations

The guanacos of the southern part of the study area
migrate seasonalliy following the spring appearance of new
growth as the snow retreats up the precordillera. The
basic social organization of this sub—-poulation is similar
to that of the other guanaco population in most regards:
fanily bands» each with a single males male troopss and
solitary males were all observed as in the resident
populations. The juvenile males were expelled from the
family bands. Howevers, due to the migratory movements,

the defense of fixed territories was not possible,

Territorial behavior of the migratory guanacos
appeared to be similar to that of the non-migratory
guanacos found at {ow densities. A spatiotemporal
territory surrounding the band was defended against other
family bands, and mate troops. Cisplays and aggressive
encounters were observed on the winter range. However, on
the summer ranges the guanacos were so dispersed that no

encounters were observed.

The territorial strategy of the migratory guanacos
apparently evolved in response to two characteristics of
the forage resource: ¢irsty animals are comaitted to

floating or spatiotemporal territories when the resource
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on which they depend is mobile. While the forage resource
of the guanaco is not mobile per se, its abundance changes
as the snow retreats in the springs and the plants begin
new growthe As the spring progresses, the guanacos must
shift their territories up hill, following the new spring
pltant growths These movements take the guanacos from the
winter ranges wnich by spring is impoverishedy to the
sumner range where forage is superabundant. Fixed
territories are not possible since the most nutritious and
abundant forage is in the area of the new growths which

changes with the seasons.

Seconds fixed territories would not be adaptive in
the summer, since the forage in this time period is not a
limiting resource, MWithout greater densities of guanacos
on the summer ranges intraspecific competition for forage

can not be expect to cause guanacos to be territorial.

6.2¢3 The Function Of Territoriality

Many functions have been ascribed to territorial
behavior in animalss, such as facititation of breeding,
familiarity with the resources (Hinde 1956), reduction of
strife, and the prevention of overgrazing (Kofard 1957),

the prevention of epizootics (Hinde 1956)s regulation of
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population density (Kluijver and Tinbergen 1953, Franklin
1974 and others)s and the regulation of population size
(Wynne-Edwards 1962). While these may be consequences of
territorial behaviors it is likely that they are not the
principal selective forces shaping the particularities of
territorial behavior (Wilson 1975). Since one objective
of the present study is to determine the factors that are
timiting the popuiation growth of the guanacos the role of
territoriality in population regutation must be

considered.

Wynne-Edwards (19%2) and others have argued that
territorial behavior has evolved Ffor the "good of the
species™ as a means of (limiting the population to the
number that can be supported by the environment as a
whole. This requires that the process operates through a
".eecombination of gitruisa on the part of the
non-breeding nonterritorial animals and/or spite on the
part of the territorial holders™ (Barash 1377:271). Thus
territorial behavior s thought to {imit population
numbers below the forage carrying capacity and is the
ultimate cause of population regulations rather than

resource limitations.
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This hypothesis has been proposed for the regulation
of the vicuna densitiesy and ultimately populaticn size,
by Franklin (197423485)s who stated that "habitat resources
probably dictate group size within the feeding territory,

they do not regulate ity the territorialt male does,."

In response to this bhypothesisy, Wilson (1975:275)
states that "boiled downs the argument turns on whether
exclusion regulates the populationsy or whether food
supply wultimately plays the rolesssF00d supplyeseis very
likely the ultimate factoreo..Territorial bshavior is the
mechanism for defending it when it is in short supply.
The buffer effect causing population stability is the
by-product of territorial behavior..o.territorialtity

evolves by selection at the level of the individual."

A considerable amount of evidence is avaifable to
support the hypothesis that territorial behavior evolved
uttimately to increase individuat! fitnesssy rather than to
regulate population densities or size. For example, If
territories have evolved to regulate populations,
individuals would be expected to maintain territories
larger than necessary for their own resource neesds
thereby "reducing the Ffitness of others, as well as
themselves by wasting time and effort in defending space

that does not add to their fitness"™ (Barash 1977:271).
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Howevers territorial systems that have been studied show a
high correlation between energetic needs and resources of
the territory (Wilson 1975, and Franklin 1978) .
Furthemore, Koford (1957) observed that tercritorial males
would attempt to mate not only tnhe females in their own
bandssy but would ailso seek to copulate with any other
receptive females.: This can only be interpreted as an
attempt by the males to maximize their own fitness, and
would negate any speculation that these same males were
being altruisticy and attempting to regutate population
numbers through behavioral patterns. Other evidence
supporting the hypothesis of evolution of territoriality
by natural selection at the individual tevel has been

reviewed by Wilson (1975) and Barash (1977).

The conclusion is that territorial behavior is a form
of intraspecific competition for the limited resources of
the environment, that has evolved through IiIndividual
selection. As a consequence of this contest competition,
territoriality is a proximate mechanism in the regulation
of the population densityy but resource competition is the

ultimate force.
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63 Defecation-Urination

Unlike the majority of ungulates that defecate and
urinate widely throughout their ranges the lamoids of
South America tend to defecate and wurinate in communal
pilese Many of these piles have been used year after
years and are quite large; up to three meters in diameter,
and 20 to 30 centimeters in depths Franklin (1974) found
that communal dung piles of vicuna have a dry weight of as
much as 24 kilograms. In the treeless altiplanos these
dung piles are an important source of fuel for cooking and

heating for the natives,

Communal piftes are used by aill members of social
groups. On successive days different famiiy bandss and a
male troop were all odserved to defecate-urinate on the
same pile, Koford (1957) found that alpacas and ilamas
will use vicuna piles For defecation-urination sites also.
He also observed that displaced family bands of vicuna
will freely uss the dung pites on the territories of other
bands. The function of dung piles is not well understood.
Most authors conciude that comwunal dung piles are used to
mark territory, as in the case of foxes and other canlds
(Witson 1975). However, the communal piles do little to
keep other conspecifics out. Thuss Franklin (1974)

suggests that these piles function to keep the band within
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its territorys by providing information on the tocation of
territorial boundaries. Part of the basis for this
hypothesis is the fact that the altiplanoy where he did
his works is rather barrens and lacking in visual markers.
dowever, such is not the case in southern Patagonias where

visual markers on the territories are quite abundante.

The hypothesis of territorial marking by dung piles
is supported by the relationship of communal dung piles
and guanaco density. At low densitys where territorial
boundaries are vague of even nonexistent, guanacas tend to
defecate widely on the pampasy while at higher densities
where territorial behavior is commonly observeds communal
piles are aimost always used. In an extreme cases three
guanacos in a large corral in Punta Arenas used communal

piles exclusivelyy and had rigid territorial borderse.

Dung piles also influence the surrounding vegetation
and soil development. Koford (1957) and Franklin (1974)
both observed that the vicuna fecal piles were surrounded
by areas of more Iluxuriant grass and other plants. On
Ista Grandes fecal plies also increased the plant growth
in the immediate area. In areas with moderate soil
moistures the area surrounding the dung ~pi|es, within
several meters, had a greater density of soft succulant

grasses and many forbs. However, In the drier areass the
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effect on the surrounding vegetation was minimal. With
regard to the total production of forage on the range in
the study area, the increase due to dung piles was

insignificant,

6.4 The Daily Cycle

The guanaco is diurnaly spending most of the day
feeding on the pampas and sleeping during the night in
concealment in the forest. The daily cycle varies with
the season of the year. 1In summers with abundant forage
and long days, the guanaco is less hurrieds and often
begins to feed in mid-mornings several hours after
sunrise. In contrasty, in the winter with short days and
scarse forage, the guanacos often begin to feed before

sunrise, Feeding is the main activity of the day.

In the mornings, the guanaco begin the day by feeding
in the area where they slept, and gradualily work their way
out onto the pampa. They feed as they move out onto their
territory. By mid-morning the majority of the guanacos
can be seen feeding anywhere from the edge of the forest,
to several hundred meters out on the pampa. By mid-day,
most bands have reached their territory or their main

feeding area for the day. These movements between feeding
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areas and the sleeping sites are as great as 1.5
kiflometerss but are wusually ctloser to several hundred

meterse.

By early afternoon, guanacos are often seen sitting
in the typical camel positions with their feet tucked
under the bodys, as they rest or ruminate, Feeding agalin
becomes intense in the late afternoon and early evening.
By sunset most of the guanacos retreat to the sleeping
areas in cover. Guanacos are seldom seen at night.
Franklin (1974) and Koford (1957) both found that vicuna
bands formed compact sleeping territoiies’ in close

proximity. However, this was not observed in guanacos.

The daily cycle seemed to be affected very tittie by
daily weather conditions. Guanacos were seeh grazing on
the open range in snow stormss and even hail. However, in
the winter, the accumulation of snow on the pampa often
restricted the movements of guanacos to the forest areass
where they spent the day browsing on the beech trees and

shrubse.

No special movements in search of water were noted iIn
this study. Local lore says that alf guanacos make a
daily trip to the ocean to drink the salt water; however,

this was never observed. Water |Is freely available
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through most of the range areas on the study site. In the
drier areas of Patagonia, where water sources have been
developed for the sheep at great expenses guanacos have
been. a problem for sheepherders (Howard 19639). Water
needs of the guanacos of the study area are probably met
by the water content of the forages and an occasional use

of Ffree standing water,



CHAPTER 7

Population Dynamics of The Guanaco

A population is the sum total of at{ the members of a
given species inhabiting a common geographical area at one
times. The population has features over and above those of
the individual animals, characterisitcs that we have
attempted to measure and describa. A population has a
density, sex and age-class structure, social organization,
natality and mortality rates, etce. Al these
characteristics change over times in response to changes
in the environment. A population growss declines, or

remains stable, It is dynamic.

An understanding of the dynamics provides a powerful
analytic tools since much of the information which can

never be obtained by direct observation can be developed
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through analytic reconstruction of the population and its
workinge It is seldom possible to observe all the various
characteristics of the population in the field their study
requires careful sampling and the use of mathematical

analysise

In the following sectionsy, the different parameters
of the populations and the dynamics of the poputation witl
be described and analyzed for the guanaco population of
the intensive study area. Generallys the discussion will
treat only the non-migratory population. However,
whenever data are available, the differences between the
migratory and non-migratory populations will be analyzed,
and described. The first five sections wiil deal with the
raw data of population dynamicst natalitys mortality,
movements, sex and age structucres and numerical abundance.
In the last section, these paramneters will be wused to
develop a model of the the dynamics of the guanaco

population,
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7«1 Reproductive Ecology of the Guanaco

The ability of an animal population to increase Iits
numbersy or remain stabie for taat matters, depends on the
rate at which new individuals are added to the population
through birth and immigration. The reproductive rate of a
population depends on the mean litter sizes mean number of
titters per years the sex ratio at birth, the age
structure of the population, and the population density.
Each of these factors is {in tuen susceptibie to
modification by environmental factos, such as weather and
the nutritional quality of the diet,. The wuftimate
objective of a study of reproduction in population biology
is the production of a fecundity tables, which integrates

all these factorse

7¢lel The Female Reproductive Life Cycle

Before we can attempt to estimate the fecundity of a
populations we need to understand the physiotogy of
reproduction of the speciessy since much of the information
we desire is derived from the interpretation of anatomical

structures and physiological processes.
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71411 General Anatomy of the Female Reproductive Tract

The study of the reproductive organs of the family
Canelidae has remained incoaplete, and no literature is
available on the reproductive anatomy of the guanaco.
However, the reproductive ecology of the alpaca and (lama
has been studied in some detail, and reviewed by Novoa
(1970), England et al. (196%9a and 1969b)s and Fernandez

Baca (1971).

OVARIESe The ovary of the guasnaco is ovoid in shapey
and is structurally similar to the ovary of the alpaca and
ftama. Ovaries from non-gravid fewales averaged 16.5 by
11.7 mm in size. Numerous follicles could seen on the
surface of all ovariess, appearing clear or darker than the
surrounding ovarys which was a creamy white in color, In
adult guanacos (2 years and oider) there were up to 30 or
more follicles per ovary, most of which had a diameter of
less than 3 to & mmy with an occasional one or two
follicles reaching a diameter of 10 mm or more in
non-gravid females. A non-gravid female collected in the
end of November, just before the start of the parturition
seasony had an atritic follicles 9 mm in diameter, and a
second 9 mm follicle still developings and 5 follicles 5
mm in diameter. These larger graafin follicles were not

seen in gravid fenmales, Corpora albicantia from past
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pregnancies were visible as darksy heavily pigmented
reddish-orange structuressy up to 4 mm in diameter, but

decreasing in size with age,

The shape of the ovaries frow gravid females was
strongly influenced by the size and position of the corpus
tuteum. DJuring pregnancy the corpus luteum was a soft,
pink colored spheres almost wholly protruding from the

surface of the ovary. Its diameter averagad 16.1 mm,

UTERUS. The uterus of the guanaco is bicornuate, as
in all Camelidae (Novoa 1970)e The mucous membrane of the
cornua and the uterine body are smooths with no
cotyledons. The right cornu is shorter than the left in

the Ifama and alpaca (Novoa 1970).

PLACENTAE. The foetal placenta in the Camelidae s
diffuse in naturey and not cotyledonous as in the
true~ruminants (Novoa 1970). The placenta is classified
as chorioallantoic and epithelio=-chorialy, similar to the
horse. These characters are used to separate the Tylopoda

from the Ruminata.



159

7.141.2 Physiology of Reproduction

ESTRUS and OVULATION. The guanaco is multiovular
(may pass through several estrus cycles if conception or
pseudopregnancy does not occur)s, with a restricted
breeding season in the wild. Circumstantial evidence
suggests that the guanaco may be an induced ovulators as

are the other members of the Camelidae (Novoa 1970).

The tlama and alpaca ovulate as a result of coital
stimulation during the follicular phase (England et 3l.
1969bs Novoa 1970, and Fernandez Baca 1971). After the
onset of estrus the female exhibts irregutar and
unpredictable estrus cyclesy, with estrus interrupted by
irregular periods of diestrus., This same pattefn was
observed through two breeding years in a guanaco held in a
large corral in Punta Arenas. Periods of apparent
receptivity were separated by irregular periods varying
from 10 to 23 days. Observations were difficulty however,
since there was little outward change in appearance or
behavioral patterns of the female during estrus, unlike
the camel which exhibts swelling and discharge from the
vulvay and restiessness. This iack of regular estrus
cycle suggests that the guanaco way also be an induced

ovulator. doweversy before an conclusions can be drawn,
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detailed work on the reproductive physiology of the

guanaco is needed.

The reproductive cycle begins with the development of
the graafin follicles in non-gravid females, the follicles
start to develop as early as Augusts, four months before
the start of the breedinig ~scason. However, pregnancy
appears to inhibit the follicular development, since in
the 10 gravid females examineds no developing follicies

were observad, even as late as the first week in December.

Guanacos exhibit a "foal heat™ 3 to 4 days after
parturition, similar to that reported for Asian camels by
Asdell (1964). Howevers, copulation during this apparent
estrus probably does not result in conception since the
uterus most (likely has not fully recovered after
parturition (Julio Sumar, per. comne)s Furthermore, the
lack of mature Follicles would also preclude ovulation and
conception. Field evidence that these copulations do not
result in conception is provided by the observation that
births are never observed In November. There is currently

no known function for foal heat.

Ovulation in the guanaco appears to be symetric while
implantation is asymetric. In the 11 females examined,

there was no significant asymetry in ovulation between the
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right and left ovarles. Zungia (1958) had reported a
12.9% asymetry, in the alpacas with the right ovary being
less active. Howevers Fernandez Baca et al. (1973)
remarked that those results were not statistically
significants, and furthermore found that there was no
asymetry in their study of 928 females. In the same
studys they found that 98.4% of all females had the fetus
implanted in the feft horn of the uterus. In the present
studys 9 of the 11 guanacos examined had the fetus in the

teft horne This was significant at the P=0.75 level.

In guanacos there is currently no evidence to support
an hypothesis of multiple ovuiations. Secondary or
auxiltary corpora luteay resulting from ovulations after
implantation has occurreds were not observed in the 15
females examinede And while polyovular Ffollicles were
observed in three pairs of ovaries out of a total of 15
pairsy multiple implantations were never encountered.
Fernandez Baca (1971) found multiple ovulations in 10% of
the females studieds but no multiple births in over 12,000

recorded births.

SEASONALITY OF ESTRUS AND PARTURITION. The entire
life cycle of the guanaco of southern Patagonia is adapted
to the harsh temperate environment. The seasons have

inposed an annual cycle of breeding activitys with the
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young being born in the spring winen the weather is mild

and forage is most abundant

The observations of breeding behavior indicate that
the peak of the breeding season is in February. The
earliest copulation observed was on December 30, and the
latest was March 15. However, few actual copulations were
observeds due in part to a shortage of field days in this
season, Without observations of copulation, the breeding
season is difficult to delimity since neither sex exhibits
any change in physical appearance during the breeding
season. However, if we back date from the ©birth seasony
using a gestation period of 11 months, then the peak in

breeding is January to March.

The parturition season of the guanacos of Isla Grande
is confined to the period from the beginning of December
to mid-Februarye. The season of birth was determined
through an analysis of the herd composition data from the
1974-1975 season. The percentage of adult females (2
years of age and older) accompanied by new born chulengos
was recorded daily throughout the birth season, starting
from the first observation of a new=borns on December 6,
1974. The daily observations were then plotteds and
Figure 31 gives the results, A logistic function was

fitted to the data. The results indicate that by the end
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Figure 31. The percentage of adult females observed with young,
starting with the first observation on December 6.

of January, the percantage of adult females with young has
reached a plateaus and actually begins to decline slightly
after this pointy, as new bdDirtas are offset by neo-natal
mortality. If we assume a 15% post-=natal mortality rates
and a 65%~ overail reproductive rate (see the later
sections of ths chapter for the calculation of these
percentages)s then fully 90% of the births have taken

place in December and January, with 75% occurring fronm
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December 15 to January 20s and the peak being the first

week in January,

Throughout the range of the guanaco the birth season
corresponds to the season of the year when conditions are
most favorable for the survival of the young. The
following birth seasons have been observed in different
localities: Calipuys Peru (8 degrees Se Latitude)
mid-April to June (Frankiin 1975); Patagonias, November
(Cabrera and Yepes 1940); Patagonia, approximately 40
degrees Se. Latitudes, November-December (Simpson 1934);
northern hemisphere zoo'ss May to August (Schmidt 1973).
Other dates have been publisheds but with no indication as

to the location of the observations,

GESTATION PERIOD. The length of the gestation period
in the guanaco has been reported as from 10.5 to 11 months
(Stassen 1916, Cabrera and Yepes 1940, Cardozo 1954, Novoa
1970, Schmidt 1973, Walker 1975, and others). The
observations of the peak in copuiatlons in mid-February,
and the peak in births in mid-January, indicate that the
gestation length for the guanaco of Isla Grande s
approximately 11 months, as reported for the other

focations.
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EMBRYONIC MORTALITY. Mortality of embryos and
fetuses from the implantation stage to parturition appears
to be minimal in wild wungulate populationss unless the
popufation is infected with disease causing abortion
(Swenson 1973). However, Fernandez Baca gt al. (1970)
found a significant decrease in alpaca preganancy rates
from 70% on day 3 to 35% on days 28 to 31s which they
attributed to the embryonic migration from the right horn
of the uterus to the left horn. The former appeared to be
a less suitable environment for the embryo. Since the
guanaco also exhibts aysmetric uterine implantations this

is a potential source of embryonic mortality.

During the present studys no evidence was found to
suggest that any significant interuterine mortality occurs
in the guanaco. In the 16 females collectedy and 12
natural moralities autopsied in the fields no signs of
embryonic mortality were observed, even in the latter
group which would be most susceptible to fetal resorbtion
or abortiony since most had died from starvation. Each
corpus luteum observed was matched by a viable fetus. The
females that were not pregnant did not appear to have any
of the characteristic ovarian structuress such as atretic
corpora lutea or hyalin-type ovarian scarsy believed to

represent embryonic mortalitys found by Thomas (1970) in
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his study of the ovary and reproductive physiology in

free—tiving black=tailed deer.

Since my sample of females in the first 4 months of
pregnancy totals only sixs the concluslons of
insignificant embryonic mortality in the early stagas of

gestation must be merely tenative.

7¢l42 Sexual Maturity

The age of first breeding, especially for females of
polygynous species can profoundly affect the reproductive
rates of the population, since the younger age classes
typicalily constitute a large proportion of the total
population in ungulates. In generaly, the likelihood of an
ungulate Dbreeding as a yearling is influenced by its rate
of maturation, which in turn s affected by its

environment,

There is no evidence to suggest that either sex of
any lamoids breed during their First summers i.e. at one

to two nonths of age (Novoa 1970, and Novoa gf al. 1972).
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Both sexes of guanaco can successfuly reproduce in
their second year. In captivitys two yearling males
successfully inseminated a yearling female. However, in
the Ffree-ranging populations, males under the age of five
years are unlikely to obtain access to estrus fewales due

to the highly polygynous mating system.

The reproductive success of yearling females appears
to be a function of nutrition, Yearling females
maintained on a high plane of nutrition in captivity
regularily reproduce in their second year. Howevers
yearlings in the wild population reproduce fess frquently,
During the present studys, two yearling females that had
conceived were examineds a captive and a free-ranging
female, In both casess the individual was physically
advance in development over the average for their age
classy with weights 45% and 50% greater than the average.,
Howevers in the former case, the probability of survival
of the young was greatly reduceds since the parturition
was delayed until June, Conception must have occurred

some 3 to 4 months after the peak for the wild population.

Puberty in alpacas altso seems o be related to
physical conditions growth, and development. Novoa gt ale.
(1972) found that the average body weight of vyearlings

that became pregnanat was 40.31 kg as compared to 38.79 kg
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for those that did not become pregnant, with the
difference significant at the P=0.,01 ievel. They related
the differences in body weight to the food availabitity

under tne study conditions.,.

7.1.3 Fetal Sex Ratios

Fisher (1930) h as shoun that under most
circumstancess natural selection favors a balanced sex
ratio. However» the ability of parents to vary the sex
ratio of their offspring in an attempt to maximize their
genetic fitness has been proposed by Trivers and Willard
(1973). They hypothesized that the relative condition of
the female should influence the sex of her offspring, with
females tending to produce more males when in excetllent
condition, and females when in pdor condition. Since a
deviation from a 50:50 sex ratio would affect all aspects
of the dynamics of a populations the possibility of such a
deviation must be testede If the hypothesis of Trivers
and Willard (1973) were corrects we would expect a skewed
sex ratio in favor of the femaless since the females are

in refatively poor condition.
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The fetal sex ratio information comes from the
collection of gravid femalesy and chulengos hand captured
soon after birth. Of the nine fetuses sexed during the
present studys only two were males. Females also
predominated amoung the hand captured new=born chulengos,
with 5 of 7 being female. Howevers neither sex ratio was
significantly different at P=0,05, from a balanced sex
ratio (Chi-square of 2,77, with dfsl, and 1.28 with df=1,
respectively)e While these sex ratios are suggestive of
differential selection of sex of the offspring by the
parentss a larger sample may be needed to make the results
significant., If the hypothesis of Trivers and Willard
(1973) were corrects we would expect a skewed sex ratio in
favor of the femalesy since in general, the females are in

relatively poor condition,

Tele4 Age-specific Reproductive Rates

The reproductive rate, or fecundity of a populations
is defined as the number of live birth per female over a
given period of time. Because fecundity changes with ages
a description of reproductive performance requires a
separate caiculation for each age-cliasse. The time
interval is wusually set at one year for birth-pulse

poputationsy such as most temperate ungulate species.
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The current {titerature on guanaco fecundity is
incomiete. Walker (1975) states that the guanaco female
breeds every other year, but gives no indication as to the
source of the observations. Cabrera and Yepes (1940),
Cardozo (1954), England et 8l. (1969a)y and others, all
indicate yearting breeding., All the above authors agree
on a single offspring per year, while Housse (1930) states
that up to three young per year is possibles based on

observations of an old hunter,

The reproductive rates of the non-migratory guanaco
population of the study area were determined by three
independent methods: a uterine examination of a sample of
females from the population; nistological examinations of
the ovaries from females coliected; and herd composition

countse.

Tele4sl Collection Data

The reproductive rate of a population could be
determined by <collecting a representative sample of the
females from the population. The tlimitations of this
method are obvious: the individuals must be sacrificed,
and it is costiys both for the poputation and the study,

to collect a sufficient number of females.
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dowevers 15 fensiles were collected from the
free-ranging poputation, and throughly examined, The
information on the reproductive status of these females is
given in Table 14y and the fecundity rates are summarized
in Table 15 Since the sample size is smally, females over
the age of two years have been combined in the latter
tables Furthermores the yearling age class (1 to 2 years
old) has been augeented by incliuding two natural,

non-starvation mortalitiess Even so the reproductive rate

Table 14. The reproductive status, weight, and condition of
female guanacos collected on Isla Grande, Chile, 1972-1974,

No. Age Date Weight LW Ratio* Pregnant Lact. Fetus sex
G2 11.5 8-72 137 1.5 No Yes -

G3 0.7 9-72 84 2.0 No No -

Gh 6.8 11-72 125 1.5 Yes No Female
G5 9.8 11-72 117 1.4 Yes No Female
G7 6.2 3-73 137 1.4 Yes No Male
G10 4.3 4-73 130 1.5 Yes No Male
G11 8.5 8-73 - - No Yes -
1172 3.3 6-74 122 1.5 Yes No Male
G15 17.5 7-74 135 1.4 Yes No Female
G16 0.5 7-74 78 2.1 NO No -
G17 1.5 7-74 120 1.5 Yes No Female
G18 7.7 10-74 92 1.9 Yes No Female
G19 4.7 10-74 112 1.6 Yes No Female
G21 3.8 11-74 104 1.7 No Yes -
G622 7.9 12-74 118 1.7 Yes No Female
ML 1.8 11-72 - - No No -
M174 1.6 8-73 - - No No -

% LW is the condition index, length weight ratio.
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Table 15. A summary of the age-specific reproductive rates of
guanacos from Isla Grande, Chile, 1972-1974.

Age Class Sample Size Number Pregnant Percent Pregnant
0-1 2 0 0%
1-2 3 1 33%
2+ 12 9 75%

of the yearling class |Is suggestive onlysy due to the

fimited sample,

The factors that influenced the sexuai maturity of
the yearlingss nutrition and pnysiolagical condition, ailso
appears to affsct the breeding by adults. However, there
is Llittlte correlation between physical condition during
gestation and individual fecundity. Successful conception
is most influenced by the condition of the female
immediately preceding the breeding season. 4ence the
preceding winter and reproductive season would be most
highly corretated with current reproductive success. This
hypothesis is supported by the data frow Table 14. Three
females that were not pregnant were lactatinge. In North
American elk Cervyus canadensis in presumably marginal
habitat, Herper (1971) found that cows which had produced
and suckled a calf the previous year were less likely to

breed than those that had not raised a calf, Conception
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rates in these two groups were 48%Z and 75% respectively,

The pattern of fecundity in the guanaco follows that
of most mammals, climbing from puberty and lteveling off in
aduithood. In many animalss notably birds and small
mammals, there is a decline in fecundity after middie age,
Howevers this type of declise in slight for large mammals,
such as the guanaco. Caughley (1977:84) states that "for
the purpose of population analysis, fecundity rate at the
plateau can be expressed as a mean value uniess curvature
is extreme™, The importance of the decline in the oider
age <classes is slight because the percentage of old
aninals is small, The data presented in the vpreceding
Table 15 assumes that there is no apprecliable decrease in

fecundity in the older age ¢lasses.

7e¢le4.2 Ovarian Analysis

Since the initial discovery by Cheatum (1949) that
estimates of current reproductive rates could be made by
examining the ovaries of deer, the methaod has been applied
to several species of ungulates, such as «hite~tailed deer
(Ransom 1967)s black-tailed deer (Taber 1953 and Thomas
1970)s mule deer (Robinette ef al. 1955)s elk (Morrison

1960)s and moose (Simkin 1967).
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Examination of the ovarian structures is the only
technique that permits the determination of the earilier
reproductive histories of individuals., Because scars
resuliting from corpora lutea of pregnanacy persist in the
ovary throughout the lifetime of the female, the entire
reproductive history is recorded. Combined with the
knowledge of the age of the individual, this information
can be used to estimate the long term average fecundity of

the population (Thomas 1970).

The wuse of ovarian analysis depends on several
assumptions and conditions. Firsts there must be evidence
that the corpora lutea of pregnanacy (CLP) scars persist
throughout the life of the femate. Second, the CLP must
be distinguishable from other structuress such as the
scars from corpora 1lutea of non-pregnanacys auxitlary
corpora lutea, etc. Thirds the rate of intrauterine

mortality must be known,

The first condition is wuntested in the guanacos
although femailes could be aged (see Appendix A) their
reproductive histories were not known, If the CLP scars
do not persist throughout the (ifetime of the individual,
the resulting estimate of fecundity would be an

underestimate of the true fecundity rate.
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Howevers the latter two assumptions have been
discussed in earlier sectionss and appear to present
little difficulty. Furthermores the only detailed study
of ovarian histology and function in wWwild ungulates,
Thomas (1970), found that the scars from structures other
than CLP degenerated rapidiys and could be seen only for
one season at most. He also noted that they were readily

distinguished from CLP scarse.

The ovaries from 13 females from the study were
avaltable for analysis. The ages varied from 8 months to
17.5 yearss and represented 73 reproductive seasonse.
Tablte 16 summarizes the results of the analysis. The
number of active CLP and the number of CLP scars is given
for each female along with the age of the female. The
active CLP are the corpora lutea associated with current
pregnanaciess and the <CLP scars represent CLP of past
pregnancies. It appears from the analysist that the CLP

scars do persis for the 1ife of the females as &n deer.

The 1flong term fecundity rate of the guanaco
population was 'determined by regressing the total number
of active CLP and CLP scars per individual with the
reproductive age of the female at the time of the next
parturition. The reproductive age is the number of years

of age past the first breeding season, i.e. the actual age
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Table 16. The number of active corpora lutea (CL) and
corpora lutea of pregnancy (CLP) scars present in the
ovaries from guanacos of Isla Grande, Chile.

No. Active CL CLP Scars Total
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minus two years. The regression results are given in
Figure 32 and the long term average fecundity of the
popul ation is then given by the regression equation, The

production of fetuses is described by the equation:
Y = 0,366 + 0,762 (X) (&)

where Y is the number of fetuses produced per Individual
of age X; the intercepts 0.366 is the fecundity of the
individuals at first parturition, or at a reproductive age

of zero ( i.e. actual age of 2); the sliopey 0,762 is the
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Figure 32. The regression of the number of active CL and CLP
scars with age.

fecundity rate of the adults (at a reproductive age
greater than zero); and X is the age of the female at the
next parturition. The regression is highly significant

{(P=0,0001), and the R=square is 0,979,

In the preceding section, the assumption wss made
that there was no decline in the fecundity of the oilder
age <classes. This assumption is supported by the
regression on CLP scars. If there has been s decline in
fecundity with agey the relationship between age and the
CLP scars would have been some nonlinear functions with

the tail of the line exhibiting a downward curve beyond
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the prime age-classes of 7 to 8 years. Howevers the
limited data points indicate that a linear function s
most appropriates at teast through the 12th year

(reproductive age class of 10 years).

T7¢1e5 Reproductive Rates 1972-1375

The reproductive output of the guanaco population of
the study area was monitored by two methods: first, the
long term average rates were compared with the pregnanacy
rates from the collection data‘from the study period; and
second, by herd composition counts throughout the study

period.

7¢1e5¢1 Long Term Versus Study Period Reproduction Rates

A comparison of the long term average fecundity rates
and the pregnancy rates during the study period show no
significant differences. The predicted age-specific
reproductive ratess based on the collection of a sampie of

femalesy summarized in Table 15 is given by the equation:
Y = 0333 + 0,75 (X) {(5)

The observed 1long term average age-specific fecundity

ratesy bDased on the analysis of ovarian structuress was
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given in equation (4), In the Figure 32, both the
observed and predicted (based on equation 3) regression
lines are plotted, along with the 95% confidence interval
for the observed regression tine. The predicted tine is
contained within the 95% confidence intervail, and hence is
not statistically different from the observed line at the

P=0.,05 level.

Unfortunateiys the collection sample is too small to
allow any comparison between the different years during

the study period and the long term average.

Tele5e2 +Herd Composition Data

Herd composition counts are commoniy used to
determine the fecundity rates of ungulatess since the data
are relatively easy to collect and the animals need not be
molested, Often it is the onty practical means of
assessing seasonal and annual changes in reproductive
output. Howevers the interpretation of the data is
difficult since the observed younginother ratios are a
function of the age structure of the populations
post-natal mortality ratess the survival of the juveniles,

as well as the actual fecundity 32f the aduit females.
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4derd composition counts were made throughout the
years but counts immedistely after the parturition sesson
are the most valuable for the determination of fecundity
rates. Table 17 glives the ratios of chulengo:fenale based
on the herd composition counts for the flate spring and
early summer for the four years of the studye Since the
two year-olds can not be distinguished from the older
guanacoss the ecratios are calculated on the basis of all
females over two years of age. Two chulengosfemale ratios
are glven: firsty the actual observed ratios, and seconds
the same ratios thst have been corrected for post-natal
mortalitys using a constant rate for all years. The first

line of datas for the month &/72y was from the first

Table 17. Reproductive rates as determined by herd composition
counts for guanacos of Isla Grande, Chile.

DATE  GUANACOS GUMVAGOS  Observed  Adjusted 955 G-
b/72 168 69 .387 .60 111
6/72 304 127 .50k .632 +.097
3/73 651 141 .468 . 554 +.084
5/73 320 88 461 .553 +.096
3/7% 553 156 .376 LY/ +.078
5/74 518 153 .ho2 492 +.088
3/75 693 179 .510 .601 +.078

*
Adjusted for post-natal mortality
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attempt at herd classificationss, and the results appear to

be an underestimate of the fecundity rates.

The herd composition counts in the table reveal
changes in the population reproductive rates over the
study periods From 1972 to 1973 the productivity of the
herd declined gradually. In 1974 there was a dramatic
declines with a drop from 0,468 to 0.376 young per femalee
This decline is significant at the P=0.11 level (students
tg with 2=1,604), The decrease was probably the result of
declining productivity accompanying a stable poputation

thraugh aid=-1973» and the severe winter of 1973,

From 1974 to 1975 there was an increase in the ratios
from 0.376 to 0.510 chutengos per females significant at
the P=0,39 level ( 2=2.06). This occurred during a period
of reduced guanaco and sheep densities on the ranges, and a
mild winter. However, it is impossible to determine if
these changes in the young:female ratios were a product of
increases in the reproductive ratess or a decrease Iin the
post-natal mortality, It is probabie that the mortality
of the chulengos would be high after an extremely severe
winter such as that of 1973, that must have taxed the
gravid females. Therefores it is most Jlikely that the

increase was due to increased chulengo survivale
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It should be noted that the reduced ratios for March
and May 1374 appear to be underestimates of the real
ratesy since subsequent counts in December show a ratio of
0.29 (N=2221) after most males would have been expelled
from the family groups. Hences the true ratio is probably

nearer the upper (imit of the confidence interval.

A further consideration in the interpretation of
these results is the effect of differential survival of
the age-classes from year to year. In unguiates such as
the guanaco, where the less productive younger age-classes
can not be distinguished from the adultss an increase in
the survival of the less productive younger animals can
reduce the apparent productivity of the populations even
if reproductive rates per adult female have not changed.
This appears to have occurred in the 1973-1974 period.
After the severe winter of 1973, the yearling females
increased from 22 to 28% of the total female population
over two years of age. Thereforas without a change in the
age-specific fecundity rates, the overail obser ved
productivity dropped from 67% to 62%, since the now more
numerous two year-olds are less productive. Hence, a
portion of the apparent 1373-1974 decline can be
attributed to the change in age strusture of the female

segment of the population.
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Generally, the herd composition data appear to
underestimate the actual reproductive rates by 5% or more.
On the basis of uterine examination and the analysis of
ovaries, the overall reproductive rate should be
approximately 65 chulengos:100 females over two vyears of
age. However, in Table 17 the adjusted rates were below
this predicted rates There are several possible reasons
for this underestimation: first, the post-natal mortality
rates used to adjust the observed ratios could be too low;
or seconds some of the younger females could have been
misclassified as adults. In any cases the ratios must be

used with caution.

Two other studies have reported on the reproductive
rates in the guanaco, based on herd composition counts.
Garrido gt 3al. (1977) reported that in Chubut provinces
Argentinas, the rate was 27.4 chulengos per 100 females in
March and April. They apparentiy designated all females,
even yearlingsy as females. In the present studys the
percent of ati females over one year of ages with young in
March and April was: 3%.1% in 1973; 25.5% in 19743 and
41.1% in 1975, Thus it appears that the oproductivity of
the Ista Grande population is greater than that of Chubut.
Howevers, the lower reproductive rates reported by Garrido
et al. (1977) are probably more a function of post=natal

mortality rather than any significant difference in
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fecundity. The chulengos in Chubut are actively pursued

for their hidess while in Chite this is itiegal.,

Franktin (1975) reported much higher productivity for
guanacos in Peru. He observed ratios of 34 chulengos per
100 femaless and 47 yearlings per 100 adult femaless
immediately preceding the birth season. The young were
then 1 and 2 years of age respectively. These ratios seem
quite high, For examples if we assume that in the
Peruvian study area the young males were expelied from the
family bands, and that the secondary sex ratio was 50:50,
then the yearling sex ratio represents either a 94:100
femate ©birth ratio 2 years previous and with little
mortality of the young in the 2 year intervals or a 1lower
birth rate with a sharp decline in the retative number of
adult females over the same period, [f the former s
correct, then almost all adults and yearlings had to
produce young. It seems more likely that he misclassified
some of the Ffemales, or that the results represent
sanpling error due to his smalt sample sizes based on a

very short study period of only one week.
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Te«2 Mortality

In poputation ecologys the study of mortality
includes not only the rate of foss of individuals from the
population through deaths but also the age-specific
mortality rates, life expectancys generation times, yearly
and annuai patterns of mortalitys causes of mortality, and
the difference in mortality patterns between the sexese.
Then if possibles we would Ilike to know how these
different aspects of mortality are related to population
density. Many of these aspects of mortality can be
measured directly; howevery the study of age-specific
mortalitys life expectancys and generation time must be

undertaken through the construction of life tables.

The present study of mortality 1is based on the
analysis of guanaco carcasses systamatically sesarched for
in the field. A total of 541 carcasses was examined.
However, sucn a tally provides a biased reflection of the
mortality of the vpopulations since some age classes
generally are not properly represented in the tally.
Oftens, the young are underestiwated since their carcasses
disintegrate rapidlys or are eaten by scavengers and are
not found (Taber and Dasmann 1957, Caughley 1966). In the
case of the guanaco this seems to have occurreds, and

hences the mortality rates of the chulengos will be
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estimated from the fecundity and population structure

data.

7.2.1 Seasonal Patterns of Mortality

A total of 250 guanaco mortalities were calssified as
to the season of death. The month of death for chulengos
and yearlings could be accurately determined from
dentition. The overall seasonal mortality patterns of the
non-migratory guanaco population are given in Table 18,
The neo-natal mortality was calculated as the difference
between the reproductive rates and the observed
chulengo:femalte ratios at the end of summer. The values
in the table are the percent of the total annual mortality
that occurs in that season of the years rather than
mortal ity rates for that season. Thus, these values give

the seasonality of mortality rather than its magnitude,

Since the migratory poputation was sampled only on
their winter rangey no data are available on summer

mortality patterns,
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Table 18. Seasonal mortality of the guanacos of Isla
Grande, Chile in the period from 1972 to 1975

i;: 2?:55 Sz?zle Summer Autumn Winter Spring
Female

Chulengos 20 L7% * 7% L1y 5%
Male

Chulengos 17 51% * 6% 39% LY
Female

Yearlings 42 18% 25% 51% 6%
Male

Yearlings 29 12% 18% 65% 5%
Female

Adults 89 Ly 7% 67% 22%
Male :

Adults 71 6% © 4y 63% 27%

* Calculated from the reproductive data and the herd
composition counts.

72¢2 Annual Patterns of Mortality

Mortality patterns are seldom constant over a long
period of time. During the study period there was a
dramatic fluctuation in mortality which was correlated
with changes in the severity of the winter. 1In the period
from 1968 to 1973 the guanaco population recovered from
the severe winter of 1968, and had virtually statitized at

the 1972 population tevel (Raul Cassanocas per. comme.).
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Howevers the winter of 1973 was the most severe on record;
snow fell early and persisted throughout the winter. The
sheep winter mortality in the Estancia Cameron approached
40,000 heads or about 40% of the total herds as compared
to an average mortality rate of 10%. Guanaco mortality
increased from an annual average of 21,37% in 1972 to 44.9%
in 1973, 1In 1974, the year after the die-off, the guanaco
mortality was only 9.3%. These mortality rates for the
guanaco were calculated from the census data (see Tables

24 and 27).

The changes in mortatity in the different age-classes
between the sample years were measured by analyzing the
age distributions of the mortalities taltied, and testing
the differences by a Contingency Table Chi-square tast;
the differences were considered to be significnat at the
P=0.05 level. Four groups were tested: the migratory
males; non-migratory males; migratory females; and
non-migratory Ffemales, The mortality by age class was
significantly different between the period previous to
1973 and 1973 for the migratory males (P=0.0134) and the
non-migratory females (P=0,0185). 1In both of these casess
and also in the case of the non-migratory maless the
mortality in the severe winter was disproportionately

greater in the chulengos and adults over 8 years of age.
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the differences in mortality patterns in the non-migratory

males and the migratory females were not significant,

Te2¢3 Mortality Patterns by Sex

It is common to find differences in mortality
patterns between the sexes., These differences are
attributed to the physiological drains of pregnancy (Flook
1970), territorial defense (Koford 1957)s greater exposure
to predation due to social standing (Altmann 1974),
differences in the mother~-young relations (Taber and
Dasmann 1957)s and the rigors of rut and reproduction

(Geist 1971a» and McCullough 1966),

To test for differences in the age distribution of
mortalitys ¢the male and female carcass tallies were
compared using a Contingency Tabie Chi-square test for the

pre~1973 and 1973 samples.

The differences in the mortality patterns between the
sexes were significeant in the pre-1973 sample, In
general, the males suffered a greater portion of their
mortality in the earlier age classes (chuiengos through 5
years), and the oider age classes (over 10 years of age)s

while females wunderwent the heaviest mortality in the
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middle age-classes. The reasons for these patterns are
probably related to the social structure and reproductive
patterns. In the early age classess the young males are
without the protection of the famity bands and occupy the
narginal habitats. For the femwalesy the physiological
drain of reproduction takes its ¢toll in the middle
age-classess so these suffer their highest mortality. In
the older age classess the rigors of territorial defense

probabty increase the relative mortality in males.

Howevers in the 1973 samples, most mortatity was due
essentially to winter starvation, There was no
significant difference between the mortality patterns of
the sexes (P=0,2448)s The sever2 winter conditions caused
a change in the soclial patterns of the guanaco which
influenced the mortality patterns, Aerial survyes showed
that the family bands had abandoned thelir tercritories.
All social groups were concentrated in the forested areas.
Without exclusive access to the better hablitatss, the
females were forced to compete with troop males for the
availabte forages As a consequence, both sexes exhibited

simitar age-specific mortality.
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74244 Jauses of Mortality

For the reconstruction of the dynamics of a
population, it is wessential to know the factors of
mortality acting on the population, and the relative
inportance of each factor, The importance of these

factors wiil often vary between sexesy age classesy and

even yearse.

The cause of deatn of the 3Juanacos tallied in the
seach for the carcasses are summarized in Table 19. In

addition to the overall pattern, three comparisons are

Table 19. The summary of the causes of mortality for guanaco
carcasses from Isla Grande, Chile from 1972 to 1975.

Starvation Fence Tree Hunting Disease Misc. Total N

Total 80.8 6.4 5.0 4.4 2.2 1.0 164
Males 78.8 4.7 7.8 3.6 4.7 0.5 193
Females 82.8 7.3 3.9 3.4 0.9 1.7 233
Pre-1973 84.9 7.4 3.1 2.5 1.9 0.3 324
1973 76.2 5.3 7.9 8.6 0.0 2.0 151
Migratory 88.6 2.1 3.9 3.6 1.2 0.6 332

Non-migratory 65.2 15.2 7.3 6.0 4.3 1.8 164
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given: male versus female; pre=1973 versus 19733 and

migratory versus non-migratory.

In all cases, starvation is the single most important
cause of mortality, accounting for 80.,87% of tie carcasses
classifieds These deaths were associated with poor forage
conditions in the late winter and early spring. The rates
of winter mortality were increased in severe winters. The
starvation mortality is particularly high in chulengos and
the older age classes. Howevers the highest mortality for
chulengos was still the neo-natal mortalitys influenced by
the poor condition of the mother, harsh weather, illegal
huntings, diseases etce These losses must be estimated by

indirect means,

Accidents make up the second most important cause of
mortality, 11.4% of total. The two principal accidents
were entanglement in Ffences (6.4%)s and getting feet
caught in tree branches when rearing up into the tree to
browse (5.0%). Such accidentss like starvation, stem from
a shortage of acceptable food and the resulting weakened

physical conditione.

Itlegal hunting was the third most important
mortality factory with 4.4%Z of the guanacos kilted for

their hidess for sports as food for the sheep dogs and
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pigss or to elimiate them as possible competitors with the
domestic sheep. This Ffigure is undoubtedly lows since the
mortality was estimated from the carcass remains in the
fields in relation to the total Ffield mortalities,
dowever, many Kkills were made witnout any field evidence
remaining to be found. Alsos in the case of the
chulengosy their carcasses would disintegrate rapidlys and
not be found. Therfore, the chulengo losses due to

hunting are not included in the above figure.

Disease appears to play a minor role in <control of
this population, Sarna or mange (both the sarcoptes and
psoroptes varities) was observed in 13.3%Z of the adult
population, but only 2.8% of the adult mortalities could
be tinked to manage. Generally the susceptibility to this
type of disease is symptomatic of poor physical condition.
The losses due to mange were only encountered at the end
of winter, and animals that did not succumb recovered by

early summer,

The only other debifitating disease that was observed
was the formation of lesions on the jaw. These lesions
may have been caused by at least three diseases:
actinomycosiss necrotic stomatitis, and actinobacilosis
(Murie 1944). These diseases develop when the tissues of

the mouths especially around the molar teeths are invaded
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by fungi through abrasions often caused by eating coarse
vegetation. The infected area is either eaten away or
enfarged and made spongy. Teeth may be be lost if the
area affected is near the toothfine. This cdndition was
observed in 3.3% of the adults examinede In generals, the
disease is not fatal, but there is a reduction in the
abitity to process and masticate food efficiently.
Starvation is more likely ¢to occur in animals affected

With this disease.

In many populationss predation is a major cause of
mortality. Howevers on Isla Grande there are no effective
guanaco predatorss except man. The pumas, an important
guanaco predator on the mainiand (Raedeke 1978) is not
present on the islands contrary to the reports of Darwin
(1948). The largest predator on the island is the Andean
wolf Dusicyon gulpaeyss which is the size of a large fox
or a small coyote. It is now greatly reduced in abundance
and distribution due to its supposed predation on the
sheep. It is unlikely that it kills many guanacos on the

island.

The comparisons in Table 19 demonstrate how mortality
factors play different roles in the different segments of
the population. Surprisinglys the differences between the

sexes were not significant at the P=0,05 level (P=0,0528
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with a raw Chi=-square of 12,44, with 6 df.). The other
two comparisonss between years, and between migrating and
non-migrating animalsy were highly significant (P=20,001
with raw Chi-square of 22.35 for the comparison between
yearsy and P=0,000001 with a Chi-square of 48.7 for the
migrational comparison). It appears that in the severe
winter of 1973 the starvation mortaiity was actually lower
than in the earlier years. However, if we combine alil the
mortality that can be directly linked to the severe winter
and the reduced food availability (starvation, trees, and
hunting) then we get 90.5% for the previous years, and
92.7 for the severe winter of 1973, With this
distribution of causes of mortalitys the differences are
not significant at the P=0,05 ftevel. Thus the difference
between years appears to have been in magnitude and
age~distribution of mortality, and not in cause of

mortality.

Hunting is included in the winter mortality
calculation above since in 1973 the increase in hunting
tosses resulted from the movement of guanacos into areas
heavily used by humanss, due to the reduction of available

food on the traditional winter range.
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The comparison of the migratory and non-migratory
guanacos shows that the migratory animals suffer greater
starvation losses (winter mortality). In general, the
migratory guanacos winter on summer range of the sheeps
and most of the preferred forage is removed by the sheep
before the arrival of the guanacos. These guanacos then
suffer high mortality due to insufficient winter food
supplye. Howevers It must be noted that the data are
highly biased in favor of winter mortality since the other
seasonal ranges of the migratory guanacos were sampiled

such less intensively,

7¢2.9 Life Tables

Life table analysis is a powerful analytical tool
that describes the mortality of a population in a manner
such that certain characteristics of the poputation can
readily be seen. In life tabless "age-specific mortality
rates are presented as if tney were progressively
depleting a large number of animals born simultaneousliy.
Such a group is called a cohort, Al though real cohorts
are seldom studied, mortality rates calculated indirectly

are applied to imaginary cohorts" (Caughley 1977:85),
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The tife table consists of five columns: xs the age
interval (usuafly one year in birth pulse populations);
dxs the number dying in the year; Ixs the number alive at
the Dbeginning of each year; qx» the rate of mortality
during the year; and exs the mean i{ength of Iife remaining
for each individual alive at the beginning of tha year,
commonly calfied the life expectancy (Deevey 1947). The
limitations of 1ife table analysiss and the necessary
assumptions of the different methods of life table
calculation are reviewed by Caughley (1966 and 1977) and

McCullough (1978),

In the present study, the calculation of 1ife tables
was based on the age at death from the carcass data. The
carcass data were formed into a frequency distribution of
deaths in one year intervals, thus forming a "dx"
schedules Subsequent calculations follow that of Deevey
(1947) and others. This method is appropriate If the
population has a stable age distribufion, and if the rate
of increase or decrease of the population has been
constant for some time, and is known. Howevers, Caughley
(1377) states that if the fluctuations in the rate of
growth are of shorter periodicity than the time over which
the carcasses accumutateds this method will stili result

in a reasonably accurate 1jfe table.
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Table 20 gives the life tabite for the male and
females guanacos from the study areas based on the age at
death of the guanacos that accumulated over the period
from the ftate 1960's to the summer Of 1973. During this
periods the guanaco population appears to have been stable
in numbers. The <carcasses tallied after the summer of
1973 were not included since the population underwent a
drastic change in mortalitys thus invalidating this method

of life table calculation.

Since the chulengo age class Wwas knowingtly
underestimated by the <carcass talliy, the "io" frequency

was estimated from the fecundity rates by the formula:
lo = > Ix mx (5)

where "mx" is the mean number of female offspring produced
per female age "x" years. The "do" frequency is then "{o"

minus "j1%,

From the values in the life tables we <can readily
assess the patterns of mortality with regards to age. For
both males and femates, the mortatity can be divided Iinto
two phases - a juvenile phase, cnaracterized by moderately
high rates of mortality, followed by an adult phase in
which the rate of mortallity is initially low but rises

gradually until the age of 9 years, The variability in
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Table 20. A life table for the non-migratory guanaco population
previous to the winter of 1973, for the intensive
study area, Isla Grande, Chile.

MALES FEMALES
X dx k1x ax ex X dx klx qx ex
0 70 1000 .313 4.49 0 61 1000 .272 4.39
1 28 687 .182 5.30 1 29 728 .178 4.85
2 13 562 .103 5.37 2 15 598 .112 L4.79
3 13 504 .115 4,93 3 14 531 .118  4.33
4 8 L46 .080 4.51 4 12 Leo .114  3.84
5 12 L11 .130 3.86 5 12 his 129 3.27
6 14 357 .175 3.36 6 17 362 .210 2.68
7 17 295 .258 2.97 7 27 268 .L422 2.67
8 14 219 .286 2.83 8 20 165 .541 2.55
9 12 156 .343 2.75 9 4 76 .235 3.97
10 7 103 .304 2.94 10 2 58 .154 L4.04
1 L 71 .250 3.00 i 1 4g .09 3.63
12 2 54 .167 2.83 12 1 45 .100 3.00
13 3 Ls .300 2.30 13 3 4o .333 2.28
14 2 31 .286 2.07 14 2 27 .333 2.17
15 2 22 .h4oo 1.70 15 1 18 .250 2.00
16 1 13 .333 1.50 16 1 13 .333 1.50
17 1 9 .500 1t1.00 17 1 9 .500 1.00
18 1 4L 1,000 0.50 18 1 4 1.00 0.50
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rates in the older age classes (over 9 years) is probably
due to sampling errory as the sample Ffrequencies were
quite small, This overall pattern is similar to that of
most mammals studied to date, and especially for ungulates

(Caughfey 1966).

While the general pattern és simitar for both sexes,
there are differences both by age distribution of the
mortalitys and in magnitude. Figure 33 plots the
survivorship curves for both maltes and femalesy based on
the "Lx" column. The vertical axis is logarithmics since
if mortality were constant in ali ages, the result would
be a linear relationship between age and survival on g
pltot such as in the figures The figure shows that the
males suffer slightly higher mortality in the age ctlasses
from O to 6 yearss while the females suffer higher
mortality from 7 years on, Overall, the males have a
higher survival rates as indicated by the higher average
life expectancy at birth (4,49 versus 4.39). The result
is a stightly skewed sex ratio in the simulated life table
population as a whole (4989 males versus 4875 female if we
start with an imaginary population with 1000 individuals
of each sex at age zero). Excluding the chulengoss the

male:females adult sex ratio was 105:100.
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The survivorship curve for both male and female
guanaco populations on the intensive study area.
The curves are based on the life table presented
earlier.
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73 Movements

A local population can gain or lose members not only
through natality and mortality, but also through
immigration and emigration. Studies have shown that both
sorts of movement can be important factors in the annual
dynamics of mammalian populations. Myers and Krebs (1971)
and Gentry (1968), working with smat! mammal populations,
both documented emigration of juveniles and subordinate
individuatsy, and postulated that this was a principal
mechanism of population regulation, Taber and Dasmann
(1958) found an emigration rate of 35% for yearling female
black-tailed deer, while the males were reduced by

hunting.

Fragmentary and circumstantial evidence indicates
that the movement of guanacos between the population of
the study area and the rest of the island s an
insignificant factor in the annual cycle of population

dynamics.

Since the study area poputation is bordered by the
Iinhospitable Andes mountains on the souths, and the oceans
on the east and west, the only area for movement is to the
northe. The guanaco population in the area to the north

could not serve as a source of any significant number of
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immigrating guanacos since the area supports very few
guanacdsy and the scattered popuilations that do persist
appear to be stable in numbers. All newborn are recruilted
into tne focal populations. These populations appear to
fiuctuate in the same manner as the main population of the

study areae.

The toss of individual guanacos through emigration is
considered to be insignificant for two reasons. First,
the observed changes in population structure and abundance
can be almost fully accounted for by natural mortality
within the study area, Second, social pressures which
generafly cause emigration or dispersal in mammals (Wilson
1975, Caughliey 1377, and Barash 1977) from the best
habitat to {less favorable habitat, could not be expected
to operate for a population such as the guanaco of Isia
Grande that are at reduced densities on the primary range.
Locally, territorial males do expel juvenile males from
the band and displace male troops. Howevers these males
have littie trouble occupying suitable habitat between the
territories of the family bandss within the general range
of the populations and there would be 1little advantage
gained by a family band that would force other individuals
from the area outside of their own territory, Without
such pressures it is unlikely that any significant amount

of novement to inferior habitat would occure.
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Te4 Population Structure

A knowledge of the sex and age structure of g
populations in addition to mortality, natality, and
movement is necessary for the study of the dynamics of a
population (Eberhardt 1969). Further, as wWwe have seen in
earlier sectionsy an understanding of the changes in
population structure over time can be used to infer annual
varjiations in vrecruitment, age-specific reproductive
ratesy and relative mortality ratess which can not be

measured directiy.

Te4el +Herd Composition Counts

The sex and age structure of the guanaco population
of the study area was determined through herd composition
counts throughout the study periode The results of these
counts are summarized in Table 21. All values are
expressed as a ratio to 100 adult fenmales (two years old
and older)., Originatlys the guanacos were classified into
the five catagories listed in Table 2. Howevers it was
hearly impossible to separate the different age classes in
the male troopss so the males adove one year old were

combined into a single age class. Therefores four classes
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Table 21. A summary of the herd composition counts from the
Isla Grande study area, 1972-1975.

bate  S3MPIS Males  LTNL Fomnles®  Chulengos
471972 168 69.5 100 22.1 38.7
6/1972 304 113.3 100 - 50.4
8/1972 110 203.4 100 13.8 62.1
9/1972 102 92.8 100 7.1 42.8
11/1972 122 103.8 100 3.8 26.9
1/1973 239 120.9 100 12.8 hh.Z*
3/1973 651 189.7 100 16.7 46.8
L4/1973 275 91.7 100 21.1 L4y 4
5/1973 320  110.2 100 15.6 46.1
8/1973 104 121.6 100 21.6 37.0
9/1973 156 139.3 100 12.6 25.0
10/1973 236 1241 100 16.1 29.8
12/1973 345 166.9 100 16.0 25.0
3/1974 553 127.8 100 22.4 37.6
5/1974 518 128.9 100 15.2 Lo.2
6/1974 184 108.1 100 12.4 35.1
9/1974 351 140.8 100 22.5 29.2
10/1974 478 136.7 100 13.8 37.3
11/1974 165 125.4 100 14.3 36.3
12/1974 1882 158.4 100 10.0 26.3
171975 697 87.1 100 27.8 38.8"
3/1975 693 186.1 100 24.6 51.0

“Parturition is not yet completed at this time.
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were used: adult maless aduit fematess yearling femaless

and young of the year.

In the first year of studys inexperience with the
identification of the different age classes in the family
groups caused an apparent underestimation of the number of
yearlings present. Consequently, the low percentages of
yearlings in 1972 and early 1973 samples probably do not
represent +{ow recruitment ratess but rather sampling

error.

The difficulty of assessing population structure by
means of herd composition is shown in Figure 34, and Table
21s Since the guanaco forms social groups of highly
variable sizes large samples are necessary to overcome
sampling error due to aggregation. To demonstrate the
possible sampling error, a large sample of 550 individual
classifications was divided into interpenetrating
subsanples of different size. The average deviation of
tﬁe subsamples from the mean of the large sampie was
calculated for each subsample size, and plotted in Figure
34, On the basis of this data, it would be necessary to
classify at teast 200 individuals to estimate the
young:female ratios within 5% of the large sampie results.
This is considerably greater than the variability expected

in animals that fit a normal distributions that iss that
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Figure 34, Deviations of herd composition count means from the mean
of a large (500) sample size.

are not aggregated.

Large sample size alone will not solve the problems
of interpreting herd composition data. For example, in
Table 21 we see a great difference in the male:female
ratios in December 1974, January 1975 and March 1975, even
though the samples were quite ftarge. It Is unlikely that
half of the =wnale population died during the periods and
then the following month the females dieds thus balancing

the sex vratios., The differences are more llkely due to
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sampling error. Hence the best data would be from {arge
sample sizes throughout the year that could be averaged or
regressed over time. Samples taken only once or twice a
year may be misleading unless the sample is taken at the
right time, and all sex and age-classes are properly

represented in the sample,

7e4¢2 Adult Sex Ratios

The herd composition counts indicate a skewed sex
ratio favoring the maless The average ratio of males to
females (exciuding the chulengo age <class) was 112:100,
which is significantly skewed (raw Chi-square of 54.5,
with df=21) at the P=0,05 level. This would idndicate a
higher survival rate for the maless since there is no
evidence of a skewed sex ratio at birth favoring the

males.,

These results show a higher proportion of males in
the popufation than was observed in the analysis of age
structure based on the life tables. The later data
indicated a sex ratio of male:females (excluding
chulengos) of 105:100. Howevers the differences between
these two estimates of sex ratio are not significant at

the P=0.05 level (raw Chi~square of 0.1079 with df=1),
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The sex ratios of adults do not appear to have
changed over the study periode The yearly average ratio
of males to 100 females were: 109.4 in 1972, 113.6 in

1973, 112.1 in 1974, and 109.3 in 1975,

7¢4¢3 Age Structure

A detailed description of the age structure of a
population is seldom possible through field observations,

since most age classes are not visually distinguishabie,

The population often can only be divided into broad
categories such as ycung, yearlings and adults. This type
of data has been presented for the guanacos in Table 21,
A more detalled analysis of age structure was presented an

earlier section based on life tables.

The post-parturition age structure of the female
segment of the population is presented in Table 22. The
values in the table were derived by averaging the various
sample values in Table 21, The taoled values for the 2-3
year—olds are the average number of yearlings present in
the opre-parturition populations since it is assumed that
no wmortality occurs from 12 to 24 months of age, In

generaly the 2-3 year-olds appear to be underestimated in
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Table 22, The age structure of the female segment of the
guanaco population of southern Isla Grande, 1972-1975.

*
Year Adult females 2-3 Year-olds VYearlings Chulengos

1972 100 - 17.9 50.4
1973 100 10.5 17.6 4L5.8
1974 100 14.9 18.1 37.3
1975 100 12.7 26.2 51.0

*Chulengos includes both males and females

the tables which would indicate that the number (survival)

of the 1=-2 class was uynderestimated.

A similar analysis of the male population is not
possible since yearling males could not be consistently

distinguished from the adults.

7.5 Poputation Size

The estimation of the number of wild animals In a
population 1{is notoriously difficults and consequently the
problem has received considerable attention. Seber (1973)

gives a recent review of the general subject.
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The guanaco population size of the iIntensive study
are was estimated using line transect methods. A census
of the entire area was conducted in the months of October
and November in 1972, 1973, 1974s and December 1977,
Since by this time the majority of the migratory guanacos
had departed their winter ranges within the study area,

the estimates are of the non-migratory population only,

The total population size "\" was calculated from the
line transect data by three methodss based on different
theoretical functions for the probability of sighting an
animal at a given distance from the transects This
function is formally referred to as the sighting
probabitity fanctiony written as gl(y), These three
methods are the Gates method, the strip censuss and the
non-parametric 1line transect method., All three methods
make the assumption that the animals are distributed
randomly within the census area “AW, The population
estimators and the theoretical variances used in the study

are given in Table 23,

The Gates method (Gates et ai. 1968) Is_based on the
assumption that the function gly) is a negative
exponential. With this models, the probabitity of sighting
an individual animal decreases exponentially with an

increase in the distance from the transect. A further
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Table 23. Estimators of population size, and theoretical variances
used in this study.

. Population Theoretical yariance
Estimator estimation N estimate of %
Gates An (n-1) n - _n_
T oew 2 (1-p + n-2 )
2L ZYi p
Strip P(0,W) n2 (1-p)
2LwW P
1 [3p(0,A)-P(A,2A)] A  _AN
Non- [ 0, - s o e\ 2. /A
parametric 2 A 2L 2L (2.5/8)

frequency of animals in the distance between
aand b

Legend: P(a,b)

n
P="x"
N

assumption is that the probability of sighting an animal
on the transect is oney, ife.e. 3(0)=1. The theoretical

variance of the estimator is given by Quinn (1977).

The strip census estimator is the simplest
non-parametric estimators and is based on the assumption
that all animals within a distance 4 of the transect are
seens that iss g(O,W)=l, The method i5 quite simple since
ali{ one needs to determine is whether or not an animal s
within the strip of predetermined width W The variance

of the estimator Is from Quinn (1977).
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The non-parametric method has been described by Seber
(1973)s Quinn (1977) and Eberhardt (1978). This method
makes no assumption about the sighting probability
function. It is based on the proportions of observations
falliing in two arbitarys, equal sized intervals out from
the transects designated as P{(0sD)» and P(D»20)» where D
(usually represented as the greek letter delta) is the
width of the interval. "The choice of the delta depends
on a compromise between blas due to the approximate nature
of the equationy, and the need to use a substantial
fraction of the observations™ (Chapman et al. 1977:32).
Eberhardt (1978) suggested that from 66% to 75% of the
observations might be included with 2 delta of the
transect line for a bias of roughly 10%Z, The theoretical

variance estimator is from Quinn (1977).

The results from the different census yearss and
analytical treatments is given in Table 24. The
popuiation estimators Wwith the corresponding 95%
confidence intervals are given for the different methods.
There is general agreement between the different
popufation estimators within all years, except the 1977
censuss which was not conducted 2y tne author. For 1972,
there is no statistically significant difference between
the different estimators at P=0.05. In all casessy except

where the variance was calculated by the interpenetrating
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sample method of Seber (1973) the variance estimates must
be considered a minimum variance estimates due to the
violation of the assumption of random ( leee
non-aggregated) distribution of the guanacos on the range
(Quinn 1977). The further ramifications of the violation

of this assumption will be considered below.

Since guanacos are distributed in aggregated social
groupss the assumption of random distribution seeas to be
violated. Quinn (1977) conducted computer simulation
studies to determine the effects of aggregation on the
line transect estimators., He found that no bias s
induced in the abundance estimates by the increase in
aggregation. His studies showed that the choice of the
sighting oprobability function g(y) was the most important
factor in determining the bias of the estimates of
population size. He concluded that parametric methods
such as the Gates model should be wused oniy when the
goodness-of-fit test does not reject a chosen sighting
probability modely and that non-parametric estimators

should be calculated for comparison.

The appropriatness of the Gates model was tested by a
Chi-square test of the observed and predicted
distributions of the guanaco sightings with regard to

distance from the transect. Table 25 gives the number of
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Table 25. A comparison of the observed and predicted
guanaco distributions in relation to the transect.
The predicted distribution is based on the negative
exponential model.

Right Angle Number Number
Distance in observed predicted*
Meters

0- 50 64 64
51-100 57 57
101-150 L7 51
151-200 37 L5
201-250 55 Lo
251-300 L2 36
301-350 20 32
351-400 30 28
401-450 31 25

*Based on the negative exponetial model of:
N = o 2-3287(X)

guanacos observed, and the predicted number on the basis
of the negative exponential modely, for the different
distances from the transect. A comparison of the two
distributions gives a Chi-square value of 14.78, with 9
degrees of freedomy which is not significant at the P=0.05
levele. On the basis of this testy I would conclude that
there is no lack of goodness of fits and that the Gates
mode! is appropriate for the analysis of the fine transect

data.
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The second assumptions that all the guanacos on the
transect are observed ( i.e. g(0)=1) must also be
evaluated. If this assumption is violateds the estimator
would underestimate the population size (Eberhardt 1978).
Howevers for ground based censusing in generaily open
habitat, the probability of sighting a guanaco within even
50 neters of the transect nust be close to wunity. The
social organization of the guanaco, its diurnat habits,
and large size ail contribute to make the guanaco highly

visible along the transect lines.

7.6 Reconstruction of Population Dynamics

The purpose of the study of population dynamics of
any specles is to assess the preseat status and probable
future trends of the populations and to evaluate what the
population characteristics reveal about the factors
limiting the population growth, The raw data of the
dynamics of the guanaco population have been presented in
the preceding sections, and will now De used to model the
dynamics of the population during a typical year at
equilibrium population sizes and then to reconstruct the
dynamics of the population over the entire study period.
From these models we can then evaluate the response of the

population to its environmenty and to the annual
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fluctuations in the carrying capacity caused by the

environmental changess

7Te6s1 The Annual Cycle

In the period preceding the winter of 1973 the
guanaco population appeared tb be stable in numbers.
Sheep and guanaco mortality had not <changed over the
period since about 1968, and uegther conditions were
reported to be about normal (Raul Cassanovar, per. comme)e.
Furthermores the first census in April 1972 gave a
population estimate of 7047 (with a 95% confidence
interval of 5986 to 8108)s which is not significantly
different from the April 1973 estimate of 6520 (with a 95%

confidence interval of 5835 to 7205).

In Table 26 the changes in population numbers and
structure that occurred through this "typical" year at
population equillbrluh are reconstructeds based on atl
available data. The table begins with the post-partum
population, before the neo-natal mortality, and follows
the decline in population numbers through the entire year.
The dynamics of this population are characterized by a
high rate of neo-natal mortality in oboth sexes in the

first months of life (15% for females and 18% for the
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males)s nearly balanced sex ratios throughout the year,
simifar mortality patterns for males and females, and a
high winter mortality rate. This winter mortalitys
associated with the reduction in forage quality and
avaitabitity, removed approximately 16% of the summer
population, and accounted for 70% of the total mortality.
Winter mortality was the only important mortality agent

for the adults.

7.6¢2 The Population Dynamics 1972-1975

With the exception of the first seasons 1973, the
guanaco population of the study area changed in size and
composition each year, These changes were monitored
through the annual censuses given in Table 24, and the
herd composition countse. Table 27 follows the
non-migratory guanaco population through the entire study
periody starting with the post-parcum population in 1972.
The November population estimates come from the census
datas while the January estimates are calculated from the

mortality and natality data.

The changes in population size from year to year were
related to the availapvility of suitable seasonal forage.

From the ltate 1960's through the summer of 1973 there was
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little annual variation in winter weather patterns, and
the guanaco numbers were relatively constant over the
period. However, the sheep population increased over this
same period as a result of expropriations, new management
goals and politics (Raul Cassanovas per., commes and Garcia
1969). The mortality of both sheep and guanacos in the
winter of 1973 was caused by range depletion combined with
an earlys persistent, heavy snowfall. Guanacos and sheep
were restricted by snow to the forest zone where there was
less snow on the ground due to crown interception. In the
forest, the only food for them was the browse from trees
and shrubs. The guanaco popuiation decliined to a low of
3758 in November 1973, After the severe winter of 1973,
the guanaco population began a gradual recovery in
numbers. The guanacos reached a population of 5371 in
1977, which equals the 1972 population size. The
population was still increasing in 1978 (see Table 24),

presumably in response to modersate winters.
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7.6.3 Carrying Capacity

From the data presented above, it is possibie to
estimate the mean carrying capacity of the guanaco range
in the study area. For any population witn density
dependent population dynamicssy carrying capacity is the
the population size where the average rate of increase s

zerds for the existing conditionse.

To determine if the population was responding to Iits
environnent in a density-dependent manner, and to estimate
the carrying capacity for the herds the rate of population
change was regressed on population size (Figure 36). The
data in the figure come from the census data collected
during the study periods and the 1977 censuse. The
regression is significant at Ps0,01y with an R=-square of
0.613, and the relationship between population size and
growth is negative, as expected if the population were
responding in a density-dependent manner, With an
increase in population sizes the rate of population growth
decreases or becomes negative, The estimated carrying
capacity Is approximately 5200 guanacos. Furthermore, |f
the regression s truly linear, then the maximum rate of
growth is at K72y or approximately 2600 guanacos

(McCullough 1978). At this pointy, the growth rate is 28%
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‘Figure 35, The regression of the rate of population change on pop-

ulation size for the guanaco population of the intensive
study area, 1972-1977.

annuallys or an increment of 728 individuals; this is the

point of maximum herd productivity.

This model assumes a constant environment, Since the
winter of 1973, the sheep population has been reduced by
harvestings in an attempt to help the range recover from
past overgrazinge. Hences, If we consider only the

Post-1973 data, then the estimated carrying capscity of
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the range is approximately 6500, Converselys any changes
in the management of the sheeps such as the division of
the range into smallery more havily stockeds ranches could

adversely affect the carrying capacity for the guanaco.

7.6.4 Assessment of Population Growth Characteristics

In the guanaco population, the variable parameter
limiting population growth is survival rates. 1In the
period of population expansions, after the winter of 1973,
the reproductive rates were at best equal to the rates in
the period before 1973, when the population was stable.
In Table 17 the youngifemale ratios showed an inital
decline in the reproductive seasan following the severe
winters reflecting the poor condition of the fenales. By
1975 the reproductive rates had recovered to the pre-1973
levels. Howevers even while tne poputation continued to
expandy the reproductive rates were held at the pre-1973
levels, In December 1977 ¢the young:female ratio was
29.6:100, and the yeariing femaleitadult female ratio was
14.8:100 (C, Cunazzay unpublished data)., These ratios
are comparable to the 1972 and 1975 levels. Thus it
appears that the guanacos, uniike the North American deer
and elk, do not respond to lowered population density with

an increase in reproductive ratess bDut rather by a8
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reduction in the mortality rates of the adults and
yearlings. This resuft in guanacos is similar to that of

caribou as described by Bergerud (1971) in Newfoundiand.

The cycle of population dynamics of the guanaco
follows the pattern that 1Is typical of many temperate
ungulate populations, After the initial period of
establishment in an environment, they tend to fluctuate
around some mean population size (Riney 1964, Caughley
1970 and - 1977), In some poputations these fluctuations
are quite dramatic (McCuliough 1366)s while in others the
oscillations are dampeds Several mechanisms causing these
fluctuations have been proposed. Caughley (1977) has
developed a model of these types of fluctuations based on
an interaction of the herbivores and their forage
resources, similar to the ctassical predatory-prey models.
The model is a variation of a density-dependency of the
herbivore on the resources of the habitat. Andrewartha
and Birch (1954) have proposed that these fluctuations in
population numbers are density-independent responses to
changes in the physical environment, such as weather.,
Others have proposed fluctuations in the forage resource
that cause a change in the carrying capacity of the

environment,
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The changes in the guanaco population numbers over
time are a density-dependent response to changes in the
carrying capacity of the range. The carrying capacity of
the range 1is in turn at its lowest In the winter, and
population dynamics are most affected by the forage
availabitlity In the winter months. An important short
term factor that reduces the winter carrying capacity s
the severity of the winter weather. Howevers unlike the
model proposed by Andrewartha and Birch (1957), the
guanaco population witl stabilize even with periodic
severe winters. The severity of the winter weather rather
than being the ultimate factor in population regulation is
a proximate factors causing a fluctuation or variance in

population around the mean carrying capacity.,



CHAPTER 8

Popuiation Dynamics of Domestic Sheep of Magailanes

The evaluation of competition between two species
starts with a model of the growth processes of the two
populationssy and an analysis of the factors that appear to
limit the poputation growthe In this chaptersy the
popufation dynamics of the domestic sheep that share the
range with the guanacos will be examined from the
introduction of the sheep wuntil the present., This
informnation witl bDe wused in the models and analysis of

competition in the next chapter,

The analysis of sheep population dynamics is based on
the records of the "Sociedad Ganadera del Tierra del
Fuego™, since its founding in 1834, This sheep ranching

company was the {largest in the province and at one time
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controlled over 3,000,000 hectares of the best ranching
land and best guanaco habitat. At its peak in 1934, the
sheep herd of the company totaled 1,354,283 animais. This
company controlled the Estancia Cameron untii it was

expropriated in 1970,

The records of the company that are available incilude
data on: the total sheep populations annual mortality
ratess the number of reproductive femaless the number of
tambs produced that survive to the "marking" stages the
annual wool productions and the number of sneep harvested.

In all casesy the data are actual countss not estimates.

8.1 Population Growth

The growth of the sheep herd of the Ganadera is given
in Figure 36. Since the total number of hectares in the
ranching system has varied over the periods the sheep
nunbers have been converted to density (sheep per hectare)

in the Ffigure,

Four distinct growth stages are represented in the
graph: rapid expansion of the herd from 1894 to 1934,
gradual decline from 1935 to 1955 renewed expansion from

195% to 1966s and rapid growth from 1966 to 1970,
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Figure 36. Growth of the sheep population of the Ganadera since
introduction in 1894. The sheep population size has
been converted to sheep densities.

During the expansion period from 1894 ¢to 1925 the
sheep densities on the Ganadera lands increased in a super
logistic manner. The increase in density was acceferated
by purchases of sheeps and the concentration of stock
folliowing expropriation of tands in 1914, 1922, and 1928,
Both the population density, and the total sheep numbers

peaked in 1934, whith sheep densities reaching 0.74 sheep
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per hectare. The inflection point in the curve of
population growth occured in 1909 at a density of 0.37
sheep per hectsre. In logistic growth modelsy, the
inflection point occurs ar K/2, which {in this case

corresponds exactly to the observed inflection value.

Apparentliys, the peak in densities in 1934 crepresented
a slight overshoot of the carrying capacity of the range,
since the densities declined after 1935. This decline in
sheep densities does not appear to have been a management
decisiones As we shall see in a later sections the annual
harvest rates were actually reduced over this periody in
an apparent attempt to maintain high sheep densities.
Rathery the reduction in the sheep densities appears to
have been due to a reduction in the carrying capacity of
the range due to overgrazing (Erasmo 1972). By 1955, the
density had declined to 0.62 sheep pa2r hectare, a decrease
of 12% in 20 yearsos Corroborative evidence, supporting
the hypothesis of an overshoot of Ky and subsequent range
deteriortiony, is the decline in woo! production from 2,86

kg/ha to 2.54 kg/ha in the same period.

In 1955 the Ganadera began a major program to improve
the range through the removal of ¢the shrubs that had
increased with overgrazing. From 1955 to 1966y over

73,000 hectares of shrublands were mechanically cleared
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and seeded with introduced grasses (Erasmo 1972). These
range land improvements increased the carrying capacity of
the range, and sheep densities increased from 0.65 to 0.69
sheep per hectare, without a reduction in harvest (see

Figure 37 for the harvest rates).

Further land expropriations began in 1966. The range
improvements were discontinued, In the first
expropriations in 1966 and 1367 only the tland was
expropriateds and the company was free to move thelr sheep
herds to their remaining holdingss thus greatly increasing
the short term densities. The final expropriations
occurred in 1370, and completely elininated the Ganadera
as a management unit. The new snaller sheep ranches, such
as the now communally managed Centro de Producion Cameron
attempted to maintain these excessively high sheep
densitys and disastrous losses occurred in the first harsh
winters, in 1973, The post=1973 sheep density was been
reduced from 0.86 to about 0.72 sheep per hectares which

approximnates the original K.
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842 Sheep Repraduction

The principal cause of increase in the sheep
population has been reproductions since introductions were
numerically important only in the initiaf years after
establishment of the farms. The reproductive output of
the sheep population is dependent on two factors: the
reproductive rates of the ewess and the relative number of
feproductive ewes In the population. This #tatter factor
is especially important in domestic herds since the sex
ratios in the population are directly influenced by

management,

In Figure 37 the productivity of the ewes In the
population, measured as the number of lambs per ewe at the
time of weanings is plotted over time. The 1{ambs are
weaned at about 45 days of age, hence the reproductive
rates are actually affected oy lamb survivals and could be
considered to be lamb recruitment to age 45 days. There
is a distinct trend of increase in reproductive rates from
1894 to 1928. This trend is most likely due to improved
range management, including a reduction in predation loss
to the natural predators and the remnants of the Ona
Indiansy fencing of pasturess and wore intensive animal

management.
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Figure 37. Lamb productivity of the ewes of the Ganadera over time.

The reproductive rates of the ewes peaked in 1928,
six months before the peak in sheep densityes The rates
have declined to the present, following a linear pattern,

described by the regression formula:
R=0.927 - 0.0076(T) (7)

where R is the number of lambs per ewesy and T is the



235

number of years since 1328, when the rates peaked. The
regression is significnat at the P=0,00001 levels with an

R-square of 0.75.

In an eartlier paper (Raedeke 1978) I hypothesized
that the decline in lamb productivity of the ewes was due
to the generally accepteds but poorly documenteds decline
in range condition of the rejion. For example, Correa
(1372) found a high rate of embryonic mortaiity and a low
ovulation rate in the Correidale ewes of Isla Grande. He
suggested that the resultant low reproductive rates may
have resul ted from the "poor feeding" conditions.
However, it has also be suggested that this decline in
lamb productivity was due to a gradual change in the
breeding stock from Romney Marsnh sheep to Correidaie (E.
Tafra and D. Newings per. comm.)s starting in the 1920°s,
They argued that the Romney Marsh are more prolific than
the Correidale which were imported because of their higher
production of wool and meat. While this change in
breeding stock is undoubtedliy a contributing factors, the
difference in reproductive rates of the two breeds is not
sufficient alone to account for the 36% decline in lamb
production in a 40 year period (Kammlade 1347, and
Harmasworth and Page-Sharp 1370). Further, the
correspondence of the time of decline in the tamb

production and the population as a whole reaching carrying
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capacity supports the hypothesis that they are causally

related.,

The reproductive rates discussed so far described the
response of the individual females in the population to
changes in population characteristics over time. However,
since the proportion of females in the population has
varied over time due to differential harvest ratesy the
preceding information does not indicate the rate of
addition of lambs to the population as a whole. This can
be determined by calculating the number of lambs per sheep

in the populations,

The reproductive rates of the population as a whole
follow a pattern simitar to that of the ewess Figure 38
shows tne reproductive output of tne entire population
over time. From 1894 to 1928 the production of lambs
tended to increase finearly. Th2 nuch higher rates in a
few of the early years probably resulited from purchases of
new breeding stocks skewed sex ratioss or changes in the
land holdings. After 1928, the lamb production declined
steadily until the mid-1940's, when the rate oscillated
Wwildly around an average value of about 0.32 lambs per
sheeps The decline in lamb production over time Is given

by the non-Jinear regression formula:
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Figure 38. Lamb productivity of the entire sheep population of the
Ganadera over time. )

LP = +0,448(T)**-0,086 (8)

where LP is the lambs per sheepy and T is the nuaber of
years after the peak in 1927, The regression is

significant at P=0.,00001y with an R-square of 0.49.

Lamb production by the entire population Is inversely
correlated Mith popultation density. The regression

formula is:
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LP = (J¢4449 - 0.12(D) (9)

where LP is the same measure of lamb productions and D s
the sheep population density. The regression is
significant at the P=0,0043; howevers the correlation is
weaky with an R-square of only 0.20. The tack of close
correfation is probably due to improved management during
the period of initial increases in density (1894 to 1935),
which resulted in an increasing proportion of tamb
survivale. In the period after stabilization of the herd
sizey the sex ratios were changed to favor the ewes, thus

further reducing the correfation with absolute density.

8.3 Mortality Patterns

Sheep are lost from the popuiation through natural
mortality and harvesting of lambs and yearlings for meat.
For the purpose of this analysissy both types of loss will

be considered mortality.
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8.3.,1 Harvest Mortality

The rate of harvesting is a

decisions

natural mortalitys

rate for

greatly since the estabiishment of the herds. In

39 the

in response to changes

harvest rates

function of managenment
in the popuilation grouth,
economicsy and politicse. The harvest
the sheep population of the Ganadera has varied
Figure

measured as the percent of the herd
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The harvesting rate applied to the sheep population of
the Ganadera over time.
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Figure 39.
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harvested annualtiys is plotted over time, The harvest
rate initially increases linearly with an increase in
sheep density. Then in 1921 the harvest. rate stabilized
at approximately 33% of the herd per years until 1936,
After the peak in popufation densities in the mid-1930's,
the harvest rate declined consistentiy untit the
mid-1940*'s. I interpret this as a deliberate attempt to
maintain herd numbers and wool production during a period
in which the carrying capacity and reproductive gain were
declining due to excessive stocking rates. In the
mid=-1940%s when the deterioration of the ranges became
clearly apparent (Erasmo 1972)y the harvest rates no
longer declineds but stitl varied greatly from year to

year.

The regression of harvest rate with density is
significant, with P=20,0001 and a R=square of 0.46., The
harvest rate dncreased gradually with increase in

densitiessy given by the regression formulas

H = 0,067 + 0.309(D) (10)

where H is the harvest ratesy and D is the sheep densitye.
Howeversy the harvest rate was never high enough to

maintain a constant herd density.
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8+43.2 Natural Mortality

Natural mortality includes both density-dependent
mortalitys which |is affected by harvest mortality, and
density~independent mortalitys which is nots Even in the
period when the sheep population Was expanding
exponentially, and the population was wetd below carrying
capacity, the total mortality rate, largely
density-independents never dropped bslow 4% (see Figure
40). After 1915s naturat mortality decreased as the
harvest rate increased (see Figure 21). By 1955 the
natural mortatity had declined to an annual rate of onty
6%. However, with the decrease in the harvest rate after
the population reached Ky the natural mortatlity again
increased, peaking in the mid-1950's. Natural mortality
remained high throughout the 1960's when the harvest rate
was intermediate, and the population was at or a Hlittle

above carrying capacity.
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Figure L40. Natural mortality rate of the sheep population of the
Ganadera over time.

84303 Total Mortality

Total mortality consists of natural mortality plus
harvest mortality, and is influenced by the annual rate of
production, or reproductive gains since this affects the
size of the population from which the mortality is drawny

and hence the relative magnitude of the l0sse.
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Total mortalitys 1low in the initiat years of
introductions increased to about about 45% per year in
1917 and was maintained at this level to 1931, Then it
slowly declineds as reproduction declineds untit 1950,
when it was about 40%. Subsequently there has been no
long=-term trend as the factors of expropriations economics
weather, and politics have interacted in an erratic
fashion. In Figure 39 the total mortality rate Is plotted

over time.

The combined mortality rate is highly correlated with
population density. During the period from 1894 to 1935,
when the poputlation was growing in a logistic-like manner,
the mortality increased 1linearly with increases in

densitye The regression formula is:

M= 0,1201 + 0.,4773(D) (11)

where M is the combined natural and harvest mortality, and
0] is the population density, The regression is

significant at P20.0001s, and the R-square Is 0,732,

Once the population had reached carrying capacitys
from 1935 to the mid=-1960'%s tne mortality rate declined in
conjunction with declining reproductive rates (see Figures

37 and 38). Mortality was no longer functionally related
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Figure 41. Total mortality rate, natural plus harvest, for the sheep
population of the Ganadera since introduction in 1894.

to densitys, which was constant, but rather was s function

of the reproductive rates.

It is apparent from this data tyat natural mortality
and harvest mortality are highly correlateds In the early
stages of popuiation growths botn increased rapidly.
douevers from 1925 to 1966, the two were clearly

compensatinge wWhen harvest was highs natural mortality
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was lows and vice versa (see Figures 39 and 40). In
Figure 42 the natural mortality is regressed as a function
of harvest mortality over the period from 1930 to 1966.
It is clear that as the harvest decliness, the natural
mortality rate increases. Howevers the correlation
between the two rates appears to be reduced by a lag time
in response of natural mortality to a decline in harvest

mortalitye For example, as the harvest rate began to

-

.18
.16
Ei . NM = 0.18 - 0.317 HM
€ .14 2 = 0.52
= P = .0001
)
= 121
g
z
2 10f
=
P-4
.08"
.05 1 1 1 1 I 1% 1 ry 1
o .0 .10 .15 .20 25 .30 .35 .40 .45 .50

HARVEST RATE

Figure 42. The correlation of harvest and natural mortality rates,
over the period 1930 to 1966.



246

decline around 1930, the natural mortality rate continued
to decline. The rate of decline was reduceds but the
decline continuede It was not until 1936 that the natural
mortality rate began to increase» some 6 years after the
dectine in harveste This suggests that the relationship
between natural mortality and harvest mortality depends on
a reduction of carrying capacity of the range resufting
for an overshoot In carrying capacity.. The reduction in
carrying capacity is not instantaneous; in this case it
took six years of overgrazing to reduce the quality of the
diet sufficiently to cause an increase in the rate of
natural mortalitye. This is the mode | of damped
osciliations of ungulate populations proposed by Caughley
(1977)s resutting From an interaction of the ungulate

population with the pltant resource.

Bs3.4 Causes of Mortatity

Most natural mortality of sheep in Magallanes s
related to the vreduction of forage availability and
quality in the winter., Howevers the actual causes of

natural mortality have been poorly documented.
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In an unpublished study of lamb mnortalitys, the
Instituto de Investigaciones de Agropecuariass Punta
Arenasy Chiles reported that starvation was the principal
cause of mortality. They found that in the cases in which
the cause of death was establishedy the causes of deatn

were: starvation - 55%, disease - 26%s and predation 187%.

In adult sheep, winter starvation and deaths related
to poor physical condition are considered to be the major
cause of mortality. In the present study areas starvation
was estimated to account for over 50% of the average
annuatl mortality, and accidents resulting from weakened
condition accounted Ffor another 25% (C. Bristiiio per,
comme). The remaining mortality was attributed to
diseases other non-condition related accidents, and some

minor predation,

In generaly predators can be discounted as an
important mortatity factor, since they have been generally
eliminated from the prime sheep range. The puma is still
an important predator in localized areas on the continent.
Especially in the scrublands in the precordillera; But
these areas account for only a snali part of the total
sheep range. Most carnivores in the region are scavengers
that thrive on the numerous carcasses resulting from

accidental deathsy diseases starvations etcesy and the puma
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is not found on the island,

8.4 Regulation of the Sheep Population

The carrying capacity of the range 1Is <clearly the
ultimate factor tiniting the growth of this sheep
population, This conclusion is pased on the observations
of the population characteristicss presented in the
preceding sectionss and summarized below:

l. Density-dependent mortality and natality rates

through the expansion of the population to K.

2. Compensatory natural mortality and harvest
nortality once K has been reached.

3. An increase in population size accompanying
improvements of the range forage resources

44 A reduction in population size resulting from a
deterioration in range conditions,

5 Substantial mortality caused by starvation.,
6. Lack of identified density—-indepandent factors

that could account for the logistic~like growth
patterns (such as weather or predation).

[t should be noted that the yz2arly varlabiltity in
weather influences the food supply and carrying capacity
of the habitats thereby affecting fecundity and mortality
rates. The result of such changes in the mortality and
fecundity rates would be short terms possibly random

fluctuations in the population size. If sufficient
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weather records were availabley it might be possibilie to
correlate short term changes in the population with
changes in the weather. However, such records are not
available, In any cases weather should be considered a
proximate facor in population regulation, while the
carrying capacity of the habitats dependent on the forage

resourcey is the ultimate factor.

Even though the sheep vpopulation is wunder human
management, it is still subject to natural selection in
addition to artificial selection, McCullough (1978:302)
stated that such "...large herbivores are K-selected i.e.
over evolutionary time they have been subject to selection
for ability to compete for resources in a
density-dependent environment,* One population
characterisitc resulting from such selections, coupled with
the tow reproductive rates of sheeps is a "high degree of

tracking of carrying capacity" (McCullough ibid).

The growth of the sheep population after introduction
into Magatlanes province closely follows the model
proposed by Riney (196%). He stated that "introduced
poputations of large herbivoress if undisturbeds normally
foliow a pattern of adjustment to the new environment
which consists of a single eruptive oscitllation,”

Caughtey (1970) refined the modei by defining four
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hypothetical stages: 1) initial increase to the initial
peaks 2) initial stabilization stage wuntit significant
decline due to forage depletitiony 3) decline, and &)
post-deciine. Caughtey atso reviewed the published
accounts of such poputation growth in ungulates. In the
following sections the growth pattern of the sheep
population will be related to the interaction of the birth
and death rates presented in the earlier sections, with
special reference to the hypothetical stage of the Riney

model .

The first two stages in Riney's model can be combined
into the common logistic growth model. For the sheep
populationy this stage covers the period from 1894 to
1938. The classical interpretation of the logistic model
assumes linearly dectining reproductive rates, and
linearly increasing mortality rates as the carrying
capacitys Ky is approached at stabilization (Wilson and
Bossert 1971). iowevers in the sheep population the
initial decline in the growth rates over the period from
1905 to 1917, after the exponential growth phase, is
attributable to rapidly increasing mortality (see Figure
41)s since the reproductive rates(actually measured as the
recruitment of lambs to the two month old age class) are
also generally increasing. ODuring the stabliization stage

(1918 to 1938) the termination of population growth was
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affected by a decline in the reproductive rates (see
Figure 38) while the total mortality rates remained fairly
constant. During this periods an apparent attempt to
maintain population growthy by a reduction in harvest

ratesy was thwarted by an Increase in natural mortality.

As predicted by Riney's models the peak in sheep
numbers was not maintaineds even with the reduction in
harvest rates, and the population entered a period of
gradual decline. Naturai mortality compensated for the
lowered harvests rates however there appears to be a lag
time of some six years before the natural mortality
totally compensates, Overall, the mortality rates
actuaily dectine during this periods The principal factor
in the decline in this period is the reduction in
reproductive rates, which went from the peak in 1924 of
0.45 lambs per sheep to 0.35 Ilambs per sheep in 1948,
While the cause of this decline is not fully documented
(see section 8.2)s the reduction in range condition that
generally results from a population held above carrying
capacity (Caughiey 1970 and 1977, and Stoddart gf al.

1975) undoubtedly played an important role.

The sheep population responded to the environment
like a natural, free-living population through the first

three stages of Riney's model. However, beginning in the
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mid=1950's this *natural period' ended as the herd and the
range were much more intensively managed. As soon as
management took 3 more effective hand, the interaction of
the parameters is much more complicated. Sex ratioss
harvest ratess and age structure were changed from year to
year in response to economic conditions and changing
management goasi. However, the data indicate that even in
this periods the popufation was still uftimately limited

by the carrying capacity of the habitate.



CHAPTER 9

Interactions of Guanaco and Sheep Populations

Tao popufations may or may not affect each others, and
if they do, the result may be beneficials neutrals or’
adverse. At teast four types of interactions have been
documented for wungulate populations: protocooperation,
when the interaction is favorable to both speciess but s
not obligatory ( i.e. rotational grazing by African
ungulates as described by Bell 19715; neutralismy when
neither species {is affected ( i.es nearly complete
separation of range use by deer» elks and cattle as
described by Mackie 1370); amensalismy, also referred to as
"unifateral competition®, when one species is inhibiteds
but the other is unaffected ( l.e. summer use by cattle of
elk winter ranges as described by Nagle and Harris 1966);

and competitions when each species inhibits the other.
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The purpose of this section is to evaluate the
interactions of sheep and guanacos on the range;
specifically to determine the extent to which sheep and
guanacos share the forage and habitat resources, and the
extent to which interactions with sheep have changed the

forage and habitat use patterns of the guanaco,

9.1 Competition

By definition, competition occurs when two animals or
populations share an Identicai resources and that resource
is insufficient for both. Morecover, when in competition,
the presence of each animnal reduces the fitness and/or
equitibrium population size of the other animal.
Coméetition can occur when the resource is not limited if
social interactions such as dominance relatlions exclude
one species from the resource. This type of competition
is called "interference competition", while the more
direct competition that results from joint use of the same
resource has been termed mexploitative competition™

(Schoener 1971),
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9e1s1 The Approach to the Study of Guanaco-Sheep

Interactions

The interactions of sheep and guanaco populations
were analyzed by comparing food habits and habitat use of
both species under varying degrees of population
interaction. F‘rst, the aboriginal niche of the guanaco
was reconstructed from historical accounts. Seconds the
current niches of the guanaco and sheep populations were
determined from studies of habitat use and food habitse.
Habitat use by the two species was described in general
for the entire regions and the intensive study area. The
food habits analysis was confined to the intensive study
area. Third, the impact of the sheep on the guanaco
population was analyzed by comparing the aboriginal
(fundamental) and current (reatized) niches of the
guanacos and the niche shifts that occur with seasonal
changes in interactions with sheepe Finallys the dynamics
of competition were evaluated through an analysis of the

niche overtap and direct population interactions.
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9.1.2 The Competition Hypothesis

Competition between sheep and guanacos for the forage
resource is thought to be the ultimate factor currently
controiting the tevel of the guanaco population of the
study area. The following hypotheses are tested in the
subsequent sections:

le The guanaco has been restricted in habitat use by

the introduction of sheep through a process of
competitive exclusions ( tnhne realized niche is a
subset of the fundamental niche).

2. Competition has affected the diet of the guanacoe.

3. The guanaco has been excluded frowm habitats used

in common with sheep except those that provide
forage dimensions that allow dietary separation
between guanacos and sheepe.

4. The guanaco and sheep populations of the study

area have reached a competitive equiltibriums and
will coexist indefinitelys uniess manipulated by

man through direct means by changes in the
environment,

3.2 The Aboriginal Guanaco Niche

The aboriginal niche of the guanacos i.e. before the
introduction of domestic sheeps, has been assimilated from

the few published account; of guanaco life historye
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Previous to the present studys the information on the
food habits of the guanaco was primarily qualitative.
Dennier de la Tour (1954) and Romero (1927) commented that
the guanaco 1is a generalist herbivore thnat readily eats
all the range plants, with a general preference for
grasses, Bridges (1948) noted that guanacos along the
Beagle Canal ate considerable amouﬁts of browse from the
evergreen beech treesy as grass was extremely limited in
abundance., Other authors writing about the guanaco in
general throughout Patagonia notably Stassen (1916) and
Cabrera and Yepes (1940)s described the diet as consisting

of grassas of the pampa.

The information of the habitat preferences of the
guanaco is more extensives since many authors recorded
sightings of guanacos. Before the introduction of sheep,
the preferred habitat of the guanaco appears to have been
the open grasstands of Patagonia. The early naturalists
all indicated that the highest densities of guanacos were
found on the pampa ( Darwin 1845, Rogers 1877, Prichard
1902, Romero 1927), especialty on the fertiles moist river
plainse Rogers (1877) counted over 5,000 guanacos in one
day on the pampas and calculated the population to be over
1.5 mittion guanacos in the area south of the Rio Santa
Cruz in Argentinae. The scrublands in the foothills of the

Andes at the fringes of the grasstands also supported
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large numbers of guanacoss bDut this was definitely

secondary habitat (Darwin 1845).

Forested areas apparently did not support lérge
guanaco populations. Prichard (1902) noted that he saw no
guanacos in the forested regions in all his travels
through Tierra del Fuego. Other authors either inferred
that the guanaco was not abundant in the forest (0Osgood
1343, Romero 1927), or noted only stight use of the forest
habitat (Cardozo 1954s Dennler de Ia Tour 1954), The
observations of Cardozo (1954) and Dennler de la Tour
(1954) are particularly interestings since even though by
1954 most of the guanacos of the pampa had already been
eliminateds tnese biologists stilt considered the forest
to be only marginal habitat for the remaining guanaco
populations. Bridges (1948) was the first to suggest that
the forest was adequate guanaco habitats although inferior

to the grasstands of central Isla Grande.

From these observtions, it is possible to reconstruct
an idealized distribution guanacos along a vegetation
ecoclines Figure 43 iflustrates the reconstructed guanaco
densities along the vegetation-moisture gradient,
extending from the cool and damp on the left (west)s to
warm and dry on the right (east). This ecociine roughly

represents the transition from the we ts temperate
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evergreen forests and moorlands on the west side of the
South American continent to the coastal deserts  in the
east. The intensive study area extends from the eastern
edge of the evergreen forest to the central portion of the
grassiands. The grassiands in the ecocline are equivalent
to the grasstands in the Rio Grande Basin of the study

area (see Figures 65 11y and 12).

9.3 Current H4abitat Use by Guanacos and Sheep

Schoener (1974b) noted in his review of resource
partitioning and competitions, that differential use of the
habitat is most often the dimension of the niche that
separates simiflar species. Numerous studies have shown
that this is also true for ungulates (Mackie 1970, Lamprey

1963, Beli 1971, and Stoddart gt al. 1975).

Current habitat use by both guanacos and sheep was
evaluated by calculating population densities supported in
the different macro-habitat types in the region and the
study area., The guanaco densities ware calculated on the
basis of the census datas presented in an earlier section,
and aerial surveys. The sheep densities were determined
from the stocking records of the estancia and the

government agricultural agencies. The distribution of
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range use within the macro-habitats was determined by

tield observations.

9.3.1 Regional Habitat Use by Guanacos and Sheep

Sheep herds have been successfully established in aill
the weconomically viable sheep habitats of the province,
with the resultant concentration of sheep on what was the
most productive part of the guanaco range. Sheep are now
grazed in all habitats represented in the ecocline in
Figure 43 that are east of the evergreen forest. The
nirre forest zone is suitable for sheep summer range; the
actual extent of sheep grazing depends on the availability
of winter range in the surrounding landse. Attempts to
establish sheep herds in the forested 2zone have been
generally unsuccessful. Only smail herds are currently
grazed in the forested partss and these rely on small

clearings interspersed throughout the foreste.

Sheep numbers are also low in the drys desert-like
portions of the croclines along the eastern coast of the
continent. However, this habitat type is not extensive in

Magallanes.
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The distribution and density of the guanacos in the
various habitat types within the province has changed
dramatically since aboriginal timesy as represented in
Figure 43. The current distribution of guanacos was given
in Figure 16, If we combine the information from this
distribution mapsy with the map of vegetation types, we
note that the present guanaco population is concentrated
at the interface of the forest and 3grasstands, in the
forests of the south and west, and at the eastern (dry)
fringes of the sheep range. Thus the guanaco survives
targely in marginal habitatsy with the major former

habi tat now being preempted by sheepe.

9.3.,2 Habitat use by guanacos and sheep on the study area

During the present study, both guanacos and sheep
were widely distributed throughout the study area, and
both species utilized all macro-habitat types to some
extent. Howevers each habitat characteristically

supported different relative dansities of the two species.

The habitat use patterns for th2 sheep and guanacos
on the study area are given in Figure 44, which plots the
densities of the non-migratory guanacos and sheep across

the pampa-forest ecocline. This #figure represents the
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Figure 44. Guanaco and sheep densities along the habitat eco-
cline in the intensive study area.

section of the ecocline in Figure 43 from the grasslands
to the edge of the continuous lenga beech forest. Since
the sheep used the area seasonallys the sheep densities
were corrected to represent annual average densities.
Furthermores if the migratory guanacos were includeds the
guanaco densities in the forest =nd of the continuum would
increase from 1.8 to about 6.0 guanacos per square

Kilometer.

The guanaco densities were 3reatest at the ecotone
between the forest and the open grasslands in the southern

part of the study area (see Figure 3). GuanbPscos were
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seldom seen more than one of two kilometers from the
foresty having apparentiy been almost complietely excluded

from the open pampas

Sheep densities were greatest on the open pampas and
decline atmost tinearly with the increase in forest cover,
No sheep are found to use the continuous beech forest area

south of the study area.

Vegetations not topography, appears to be the basis
of range partitioning between sheep and guanacoss since
both sneep and guanacos readily graze and travet on even
the steepest terrain, Stoddart gt ale. (1975) reported
that the domestic sheep is second only to the goat in the
ability to distrioute itself and to graze on all terrain
typese Furthermorey the herding of sheep» the use of
fenced pasturess and rotational grazing insured that the

sheep utilized all the suitable topography of the region,
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9+.3.3 Seasonal Sheep Hab'itat Use and Guanaco Response

Both direct observation and food habits data indicate
that where guanacos and sheep were found together the
guanacos used their habitat differently than when alone.
With sheep competitions both in the summer and winter, the
guanacos utilized the forest habitat to a grester extent
than when sheep were few or absent. This does not seem to
be due to a general reduction in the quality of the
grassiands or weather patternss since the sheep should
also respond to such changes in the nabitat, but they did

not.

The proportition of the guanaco population oberved on
the pampa decreased when the area was also occupied by
sheep. A comparison of the guanaco habitat use on the
sheep winter range in the northeast section of the study
area (see Figure 47) demonstrates ¢this shift, The
estimated guanacc densities were at least three times as
great on the pampa as in the forest during the summer,
when sheep were absent from both habitats (see Table 28).
Howevers in the winter when sheep were present on the
pampas the guanaco densities were greater in the forest
than on the pampa. The winter ratio of fhe densities of

forest to pampa were 1.3:1 in 1972, 2.4:1 in 1973, and
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Table 28. Summer guanaco densities*for forest and
pampa habitats. Data is from Raedeke (1978)
based on the trasect censuses.

Year Forest Pampa

1972 0.38 + 0.23 1.42 + 0.40
1973 0.13 + 0.09 1.19 + 0.28
1974 0.31 + 0.13 1.29 + 0.33

' The densities are given as guanacos per square
kilometer + 95% condifence interval.

161 in 1974, A similar shift was observed ¢n other

seasonal range types.

Data on the food habits show that sheep eat about the
same diet wWwhether they share the range with guanacos or
nots but when sheep are present guanacos obtain more of

their food In the forest (see Taples 29 and 31).

9.4 Food Habits of Guanacos and Sheep

The second component of the niche to be considered is
that of food habits. Schoener (1974b) found that 78% of
sympatric species that have been studied partitioned the
environment on the basis of the food habits component of
the niches Various studies of ungulates also have shown

that sympatric species can coexlist by using different food



267

types ( i.es buffalo and antelopes Buechner 1961; various
African antelopes Lamprey 1963; cattlies sheep and deer,

Stoddart et al. 1975},

In the foliowing section, the diets of guanacos and
sheepy which had a free choice of diet on the range, will
be describede Two methods were used to determine diets.
Firsty, vcumen samples collected from guanacos throughout
the study area were separated by plant species to provide
a detailed description of seasonal diets. The cumen
samples were collected from guanacos from ranges with and
without sheep. Seconds the diets of sympatric guanacos
and sheep were determined for comparative studies through
fecal analysis. The pellets were collected from the
northeastern section of the study areas approximately 10
kilometers northeast of the section Rio Grande, This area
was used by sheep and resident guanacos throughcut the

years although the summer sheep densities were low,

The production of new plant growth is highly seasonal
in the temperate grasslands of Patagonia. In Magallianes,
the annual growth period is limited to the springs from
September to mid-December (IREN 1967). During the course
of the years most of the palatable range forage s
consumed by the herbivores on the ranges A comparison of

the dry weights of clipped samples from inside and outside
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of a 100 meter-square exciosure showed that 90 to 95% of
the grass and grass-liikess, and virtually all of the forbs
were consumed by the end of the grazing season. However,
the browse was much less fully utilizeds Beiow one meter
in heights about 30 to 50% of the browse was consumed, and
above one metersy the wutilization was negligible. The
sheep and guanaco grazing in the summer on the sheep
winter ranges apparently did not greatiy reduce the fall
forage supplys since fall clippings were not neasurably

different from inside and outside the exclosure.

It seems reasonable to assume that the seasonal
changes in the density of sneep on the range, and the
availability of the forages, produce changes in the
intensity of competition between the herbivorese.
Competition presumably increases as the forage supplies
are reduced in the winter (or in fall on the suamer range

areas)e.
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9.4¢1 Generat Food Habits of Guanacos

Twenty-four guanaco rumen samples were collected,
representing all months of the year except January,
February, and July. Samples were collected Ffrom both
sexes and all age classess and came from sub-populations
which varied with respect to tne amount of concurrent

competition with sheep.

The results are summarized in by sample in Tabte 29,
and by wmonth in Figure &5, In ooth cases, the plant
species have been combined into the plant Ilife forms of
grasses (including grass-likes), brouses epiphytes,
lichenss fungis and forbs, Tae actual plant species
identified in the rumen samples, and the percentage of the
samples in which they were identifieds are given in Table

30.

Forty plant species were identified in the samples.
Wwith the exception of the grassess and some succulent
forbsy the majority of the species were readily
identifiable. Howevers |less than 10% of the grass and
grass-like material was identified to speciesy s> it seems
likely that some grass species were eaten but not
identified in the samples. Furtiermores if all the grass

material had been identified to speciess the percentage of
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Table 29. Food habits of the guanaco of the study area, as
determined by rumen analysis. The tabled values
are percent of the total sample. The range types
listed are: W = winter; S = summer-

o . 8
1 c — [:}] [ >
4 S B9 & ba £ 2 & 2 >
G7 3/73 S S 2.4 95.2 1.3 - 1. -
G8 3/73 W S 37.9 24.3 2.2 25.7 4.8 8.9
G9 4/73 W s 37.8 8.0 0.2 13.7 2.5 37.8
G1I0 4/73 w S 82.5 2.1 0.5 11.5 3.7 -
G4 5/74 W S 75.3 .0 0.4 10.0 10.2 0.1
615 6/74 S W 76.1 14.9 54 0.2 3.3 -
G16 6/74 S W Sh.1 16.2 3.8 tr 25.4 -
G17 6/74 S W L42.2 15.6 37.5 0.6 4.0 -
Gl 8/72 W W 89.2 1.6 tr 2.5 6.7 -
G3 8/72 W W 82.2 9.7 tr tr 7.4 -
GI1 8/73 W W 64.6 7.8 tr 20.4 7.2 -
G12 8/73 W W 91.0 2.8 - - 6.1 -
G13 8/73 W W 96.5 3.8 tr tr 3.1 -
G2 9/72 S W 79.3 10.3 0.5 2.4 7.4 -
GI8 10/74 W W 54.2 10.8 - 33.4 1.6 -
G19 10/74 W W 93.2 2.1 - tr L.7 -
G20 10/74 S W 91.0 L.5 ¢tr 1.9 2.0 -
G4 11/72 S W 49.9 30.1 1.2 1.0 17.6 -
G5 11/72 W W 26.7 5.0 0.9 10.0 57.4 -
G21 11/74 W W 63.7 29.4 tr L9 1.9 -
G6 12/72 W W 58.8 30.5 10.7 2.9 5.1 -
G22 12/74 W W 58.9 3.7 tr 0.4 36.3 -
G23 12/7% S S 59.4 3.0 tr tr  37.6 -
G24 12/74 s S 75.7 5.8 tr 5.4 13.2 -
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Table 30. Plant species, with percent of occurance, in the diet of
guanacos of the study area on Isla Grande, Chile.

Common Spanish Name Scientific Name Frequency (%)

Tree Species:

Nire Nothofagus antarctica 100
Lenga Nothofagus pumilio 50
Coigue Nothofagus betuloides 4
Shrub Species:
Calafate comun Berberis buxifolia 96
Romerillo Chiliotrichium diffusum 50
Michay Berberis ilicifolia 42
Murtilla Espetrum rubrum 29
Mata gris Senecio patagonicus 13
Mata verde Baccharis patagonica 8
Calafate enano Berberis empertrifolia 4
Chaura Pernettya mucronata 4
- Berberis heterophylla L
Epiphyte Species:
Clavel de viento Mesodendrum punctulatum 100
Fern Species:
- Blechnum penna-marina 25
Funji Species
Dihuenes Cyttraia darwinii 29
Lichen Species:
Barbara del viento Usnea spp. 75
Grass and Grasslike Snecies:
Junquilla Marsipperumum grandiflorum 38
Festuca or coiron Festuca gracillima 38
- Deschampsia antarctica 18
Festuca Poa pratensis 13
- Agrostis spp. 8
- Carex decidua 8



Table 30.

Continued.
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Common Spanish Name

Scientific Name

Frequency (%)

Festuca

Forb species:

Chicoria

Cadillo

Cadillo

Vinagrillo

Bolsita del pastor
Cadillo

Mogote

Frutia del Diablo
Flor de la estrella

Festuca magellanica
Geum magellanica
Carex sp.

Taraxacum officinale
Acaena magellanica
Codonorchis lessonii
Acaena pinnatifida
Rumex acetose-la
Capsella bursa-pastoris
Phleum alpinum

Acaena ovalifolia
Azorella trifucata
Ranunculus peduncularis
Gunnera magellanica
Perezia recurvata
Colobanthus subulatus
Senecio acanthyfolius
Osmorrhiza obtusa

Bl e o}
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occurence of the different species woufd most likely have

increased.

In generaly, the consumption of any forage species s
closely related to its phenology and availability,
Suanacos ate browse and forbs when they were at their peak
in abundance and most palatable in the spring and early
summere The fungis lichenssy and epiphytes were eaten in
the fall when they were most readily available. In
apparent contrast to this general ruley grasses were eaten
teast in spring and early summer when at their peak of new
grawth and abundance. Evidently the guanacos prefer new

growth of forbs and browse to nes growth of grasses.

Howevers the principal food of the guanaco was the
grass of the pampa. Approximately 60%Z of the annual diet
consisted of grass and grass—likes, In December and
January at the beginning of summer, grasses made up about
60% of the diet, but during the late summer months, the
grass consumption declined to less than 20% by March.
Grass use increased to its maximum of 85% of the diet in
winter (July to October). From late winter through spring
the percentage of the grass in the diet declined gradually
with a concurrent increase in the consumption of forbs and

browse.
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Nine grass species were identified in the rumen
samples, The most important grassess on the basis of
frequency of occurence in the samples, were the "“coiron®
or fustuca bunch grasses( Eestuca gracillimar and Eestuca
pageitanjcale These species were identified in 40% of the

samples,

The second most important component of the diet was
the browses from both trees and shruos. This forage class
constituted 15.4% of the total annual diet. The
consumption of browse was highest in the spring and summer
when the declduous trees had feafed outs and many of the
shrubs were flowering, The lowest consumption of browse
was in the winter when the trees has 1lost theilr leaves.
The winter browse consumption consisted of almost entirely
evegreen shrubs such as Berbaris buxifellas Berberis
illigifolina, and (Chiliofrichium diffusum. The first two
species are highly palatable to 2oth sheep and guanacos.
But the latter, an increaser on the rangey is not
palatable to sheeps» but is eaten by guanacos. Overalil,
nirre was the most important browse speciess both in ternms
of volume consumeds, and frequency of occurence in the
samples. Nirre |Is also the most abundant browse species
due to its extensive occurence in the areas, and low growth
forms All three trees of the Nothofagus genus occuring on

the study area were identified in the rumen samples.
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The third most important component of the diet was
the tree~born epiphytes, tichensy and fungie. The
'consumption of these plants paralieled that of the browse
groups being high in the summer and low in the winter,
The seasonal percentage in the diet varied {ittles from 8%
to 142%. The most important species were the misteltoes
Hesodendrum eupcfulatums and the tichens of the genus
Usneae. Alt three of these types of forage were eaten as
the guanaco browsed in the tree crown, and as windfatl,
The fungi were important onity in the fally, at the end of
their normal growth cycles when they had fallen to the
grounde. Due to their extremely high digestibility and
high water contents both the fungi and the (lichens would
tend to be wunderestimated in the analysis of the rumen

contents and in feca! ana2lysisg,

Forbs were eaten throughout the year; however, they
were important in the diet only in the spring monthse.
This consumption reflects the greater abundance and
avaitability in the springe. In jeneral, the grasslands of
Patagonia are not productive ford> ranges. The only forb

species important in the rumen samples was the common

dandelion, Jactaxacum officinale.
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9+.4.2 Diets of Sheep and Guanacos on Common Range

The comparison of annual and seasonal diets of sheep
and guanacos was made on the basis of the analysis of
fecal peliets collescted from range 1{ands wused by both
sheep and guanacos the year round., The specific range
area studied was in the northeastern corner of the study
area, of about 54,000 hectares (see Figures 1 and 47).
This area supported the largest winter sheep herd of the
estancia. In 1973 the area was stocked with 87,000 sheep
at the beginning of the winters The sSheep were moved onto
this winter range in late May, and were removed to spring
range in mid November when new ptant growth had begun on
the spring range areas. Smali herds of sheep used the
area during the entire year, but the total numbers seldom

exceeded 55000 sheep except during the winter monthse.

The area was aiso the best remaining guanactc range on
the istand. Guanacos in the area were all residenty, and
highly territorial, Territories were generally near the
forest patchesy but also Included the open grasslands. In
the fatl of 1973 this population numbered approximately

25400 guanacos.
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The fecal analysis technique was develcped by
Baumgartner and Martin (1939) to determine the food habits
of squirrels. They discovered that the histological
characteristics of fragments of plant epidermis were
distinct for each speciess even after digestion. The
technique has been since used on many species of mammals
and birds (Burreill 1977)s and has proven useful in
estimating monthiy, seasonal, and annual diets (Hansen and
Dearden 1975, Hansen and Reid 1975). Recent studies have
also shown that with careful sample preparation and
analysiss fragments of all plants eaten can be detected in
feces (Burrell 1977, Hansen g al. 1973)e Further, Todd
and Hansen (1373) and Anthony and Smith (1974) have shown
that the quantification of bighorn sheep and deer diets,
respectively, by fecal and rumen analysis were similar,
Dearden gt al. (1975) found that fecal analysis of
digested and simuiated digested residues were not
significantly different for reindeer, domestic cattie, and
bisons 0Other studies (Hansen gt al. 1973, Hansen and Reid
1975, Hansen and Clark 1977) have used fecal analysis to
describe overlap in diets of wungulates of the North
American range fandsy, and to analyze the effects of
competition between domestic stock and witd cervids

(Hubbard and Hansen 1976).
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The diets of guanacos and sheep to a lesser extent,
showed a considerable' smount of seasonal variability
(Table 31)e This variation in food habits was undoubtedly
a response 0ot only to competition, but also to seasonal

availabilitys plant phenologys and nutritional needs.

The food habits of the sheep were much more constant
throughout the year than those of the jJuanacoe. The major
change in the sheep diet was the swWwitch from grass to
grass—likes in the spring (Figure 46). If we combine
these two classesy there is littie change in the diete.
Grass and grass~likes made up 77.5% of the annua! diet,
and varied from a minimum of 67.9% in June to a maximum of
87.0% in Aprile. The bDrowse and forb consumption was quite
constant throughout the year, and browse was Llittie wused

(Tabte 32).

Even though the fecal fragments were not classified
to speciess qualitative notes of species composition of
the diets were mades In general, the forbss grassess and
grass-iike species in the diets were the sane in both
diets.s The actual plants eaten by the guanaco are listed
in Tabie 33. However, while the grasses and forbs eaten
were virtually identical in both herbivore dietss the
browse species eaten were quite distincte In several

sanpies, notably the September sample, there was virtually
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Table 31. Food habits of guanacos and sheep from parklands near Sec.
Rio Grande, Isla Grande, Chile. The tabled values are
mean percent of the diet + the standard deviation.

GUANACO
Month Grass Browse Forbs Grass-like
February 31.9+ 6.7 13.7+ 2.8 7.5+ 4.0 L46.9+ 9.2
April 55.1+ 7.8 8.5+ 5.0 1.2+ 5.0 25.1+ 7.1
June 7.9+ 2,5 89.6 + 2.9 2.2+ 2.4 0.3+ 0.6
September 40.9 + 7.3 52.3 + 8.4 b9+ 1.7 3.2+ 3.4
October 56.5 + 16.7 25.6 * 10.9 9.0+ 4.3 9.0+ 3.0
December 36.6 + 9.5 32.8+ 8.8 8.4+ 2.8 22.3+ 9.3
Mean 38.1 + 17.8 37.0 + 30.0 7.2+ 3.2 17.8+17.4

SHEEP
Month Grass Browse Forbs Grass-like
February b6.2 + 12.5 15.2 + 6.7 7.2+ 4.3 31.3+10.3
April 50.1 + 8.9 7.5+ 5.6 5.+ 3.2 36.9 +12.0
June 58.2 + 18.0 24.2 + 11.5 7.6 + 4.0 9.7 + 5.1
September 50.3 + 7.0 20.1 + 5.2 8.3+ 3.8 21.3+ 4.8
October 16.9 + 6.3 4.8 + 1.4 9.0 + 6.6 69.3 + 13.3
December b2.0 + 9.6 23.7 +10.9 7.6 + 5.4 26.7+ 4.2
Mean 43.9 + 14.3 15,9 + 8.3 7.5+ 1.2 32.5 + 20.3
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Table 32. Annual dietary preferences of sheep and guanacos. The
preferences were calculated using the fecal anlysis data,
based on the selectivity coefficient of lvelev (1961).

SHEEP GUANACOS

Forage Class Availability Diet Ivliev's E Diet lIvlev's E

Grass 45 46.2 +0.013 38.1 -0.085
Grass-like 15 31.3 +0.352 17.8 +0.085
Browse 30 15.2  -0.327 37.0 +0.104
Forbs 5 7.2 +0.180 7.2  +0.180

no overlap in the browse species eaten., The guanacos ate
the beech tree species (lenga and nirre) almost
exclusivelys whiile the sheep ate the lower growing shrubs.
The winter diet of the guanaco also included the
mistietoes lichens, and fungi that were available to the
sheep only as wind-falls, whereas the guanacoe With their

flong tegs and necks could browse diresctiy.
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9,443 Dietary Overlap in Sheep and Guanacos

The overlap in the diets of guanacos and sheep
occupying common range was calculated using Kulcyznski's
formula (Hansen and Reld 1975), based on the data from the
fecal analtysis presented above. The similarity index (SI)
represents the percentage of the two diets thch are

identicatls and is calculated as:

SI{jk) = 100(2>min (PijsPik)/S(Pij + Pik)) (12)

where Pij and Pik are the percentages in the diets for the
food "i® in the two species diets "j" and "k" that are

being compared.

The resutts of the calculations show that the overlap
is greatest in the summner and {owest in the winter (Table

30). The average overlap for the entire year Is 67.7%,

The validity of calculating dietary overliap on the
basis of forage class datay rathar tnat plant species data
deserves comment, It is obvious that estimates of overlap
based on forage class data would be an over-estimate of
overlap if the species of plants within the forage classes
eaten by the two herblvores were different. For example,

Hubbard and Hansen (1976) <caiculated overlap between
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‘Table 33. Diet similarity or overlap between guanacos and sheep
by season, based on fecal analysis data.

Similarity Standard
Month index deviation
February 76.6 +17.8
April 84.7 +11.7
June 32.0 +12.5
September bg.o + 3.9
October 32.4 +13.6
December 80.4 + 7.5
Mean 67.7 +24.7

horses and cattle in the mountain shruo ecosystem to be
71% based on species level data. If we group the plant
species listed in each of the diets into forage classes,
and recalculated the overlapy, we get 91.0% overlap. It is
evident that grouping under these conditions wilil tend to

mask real diet differences.

However, I feel that the calculations of overliap
based on forage <class data are useful for the following
reasonse Firsty qualitative estimates of the species
present in each of the different forage classes were mades
with the resuit that the g3grassy grass—-iikey, and forbd

species Iin ¢the diets were found to be nearly identicale.
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These were the major components of the total diet.
Seconds the plant species identified in the guanaco rumen
sampless listed in Table 30, were also those considered by
sheep experts to be the primary foods of the shesep on the
study area (Edwardo Tafra, per. comme). Thirds analysis
of exclosure data showed that wup to 95% of the annual
forage biomass is removed each year from the grassliand
ranges. Only the browse is not fuliy utilizeds. Thuss
overlap may be minimal early in the growing seasons when
there is a full complement of piants from which to choosey
but as the forage is depleteds, the choices are reduced,
and only a few species of forage are left. Hences in
these times of limited forage, random probabilities
predict that the species of plants eaten would be

overlapping.

Furthermores an analysis of dietary overtap based on
plant species data are {tikewise not always applicable.
Lamprey (1963) and Hansen and Ueckert (1970) found that
different herbivores may eat the same plant speciess but
eat different plant parts; the herbivores were found to
specialize on stems, leaves) shootss fruits, and
seedheads. Analysis of overlaps purely on the basis of
ptant speciesy and not on plant partss would resuit in an

over estimation of overlap.
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A second concern is whether comparisons between
herbivores with different digestive systems, and plants
with different digestibilities are valid. It has been
suggested that correction factors are needed to account
for these differences. However, Hansen gt ale (1973) on
the Dbasis of their work with deers elks, antetlopey sheep,
catties and horsess felt that correction factors were not
requlred to account for these differences between
herbivores and plants. They felt that if care was taken
in sample preparation and analysiss the results would

reliably reflect actusi diets.

9.5 The Impact of Guanaco-Sheep Interactions

The results of the previous sections on habitat wuse
and food habits of guanacos and sheep indicate that there
is a considerable amount of niche overlap between the
guanaco and domestic sheep. Furthermores the invasion of
domestic sheep has dramatically changed the niche and
therefore the abundance of the guanaco throughout much of
its former range. In this sections I will evatuate the
extent of the changes in the niche of the guanaco
resulting from interaction with sheeps and examine how

guanacos anhd sheep have partitioned the resources of the
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environments thus allowing coexistence in certain parts of

their ranges.,

9.5.1 Guanaco Habitat Use Changes

The habitat niche of the domestic sheep is entirely
included within the habitat niche of the guanacos and
sheep grazing has apparentliy eliminated the guanaco from
mucn of its former range (see Figure 17). In Figure 47
the idealized relative densities of the current guanaco
and sheep populations are plotted along the macro-habitat
ecoclines based on the results of the previous secticns,
The figure shows that the sheepy, with thele more
restricted habitat preference have supplanted the guanacos
in the center of their former habitat (see Figure 43), and
are sympatric with the guanacos at thne fringes of their
oOWN Trange, In the extreme -edgess the deserts and the
closed forest communities, the snheep have not become
establisheds and the guanacos exist alone at low

popublation densities,

Circumstantial evidence suggests that competition
with introduced sheep for the range forage was the
ultinate factor causing the exclusion of the guanaco from

much of its former range. Firsty the decline in guanaco
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numbers is highly correlated with the increase in sheep
numbers; the Spearman rank correlation coefficient is
-0.87 and is significant at the P=0.05 tevel (see Table 3

and Figure 34 for the actual data).

Second, guanacos have successfuily repopulated areas
where sheep have been removed. Rottman (per. comm.)
reported an annual guanaco population increase of
approximately 10% for guanacos repopulating former sheep
range in an area that had been annexed to a national park.
Sheppard (1371)s Pianka (1974)s and Krebs (1978) stated
that the expansion of one species population subsequent to
the removal of its competitior is the best evidence for
competitive exclusion, Pianka (1976) calied this

phenonenon "ecological release",

Third, within the province, there are areas that are
primne sheep ranges but due to natural hazards, these areas
have not been stocked with sheep.s In these areass guanaco
populations often thrive, The best example is the guanaco
popufation within the area fenced off around the Pali-Aike
lava beds in the northeast sector of the province. Within
this small area of less than 75 square ki lometerss 500

guanacos were censused in 1975 (Raedeke 1978).
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Direct evidence of competive exclusion of guanacos by
sheep comes from the observation of habitat shifts with
seasonal increases in sheep numbers on the study area.
Guanacos shifted from heavily utilizing the open
grasslands when sheep were not present to greater wuse of
the forest opatches when sheep were present in large
numbers. This was observed both on summer and winter

rangese.

This ftater observation of seasonad habitat shifts
makes it appear that competitive exclusion was caused by
interference competitione. However, sheep are not
physically or behaviorally dominant over guanacos, and did
not displace guanacos through social interactionss since
it was common to observe sheep and guanacos grazing
interspersed on the grasslands without conflicts Instead,
the movement of sheepherders and their dogs tending the
sheep appeared to displace the guanacos for a period of
time. Be this as |t mays, even IFf guanacos were not
displaced by sheep and the herders due to interference,
the guanacos would eventually be displaced by the
depietion of the forage resource due to sheep grazing (
iees exploitation competition)s The typical heavy grazing
pressures of sheep on the ranges in Magallanes reduces the
carrying capacity of the ranges for guanacos through

nearly compete seasonal deplietion of the forage. Hencey
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guanacos that had been displaced by sheep would face a
greatly reduced survival due to a reduction if forage |if
they returned to their former range after the sheep had
been removedes Thus competition by exploitation of the
forage resource by sheep appears to be the ultimate cause

of some shifts in guanaco habitat use.

9.9.2 Guanaco Food Niche Shifts

The study of the diets of guanacos and sheep reveals
a considerable amount of overltap in food preferences
between the two herbivoress and a shift in the diet of the

guanaco when interacting with sheep.

The dietary shifts of the guanaco support the
hypothesis that the interaction of sheep and guanacos is a
competitive interaction, The diet of the guanaco shows a
distinct shift with an increase in interspecific
competition. In the summer when potential competitive
pressures are low, due to abundant forages and low sheep
densitiess there was broad overlap in the diets of sheep
and guanacos (see Table 33 and Figure 50). Howevers in
the winter, when sheep numbers had increased over 10 fold,
and the forage availability was reduceds there was a

significant reduction in dietary overtap. Under these
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circumstances, the guanaco shifted from grass and
grass—likes to browse. The shift is not simplty a seasonal
phenomenons related to nurtitional value of browse or
seasonal preferencesy since the shift did not occur in
guanaco diets on winter ranges without interacting sheep

(see Table 29, samples G15s Gl6s» G1l7» Gls» G2» and G4&).

Furthermores, the breadth or diversity of the guanaco
diet decltined sharply with the onset of competition with
sheep. The diet was restricted to a smaller number of
forage items in the winter during intensive competion with
sheep. Againy the guanacos on ranges without sheep did
not show a reduction in the diversity of items in the diet

{see Table 29 and 31, and Figure 50),

The data further indicate that the shift in the
forage niche of the guanacos due to interaction with
sheeps can occur at any time of the year., From the
analysis of two guanaco rumen samples from sheep summer
range (samples G7 and G23, Tabie 23)s, it appears that
these guanacos shift their diet with summer comptition
with sheep. In both sampless, the overlap with the summer
diets of sheep was lows and the diversity of the diets was
also lowe Although these results are tentatives since the
sample size is smally, it looks as though the guanacos and

sheep ate {argely different foods when on common rangep
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and identical foods when on separate ranges.

Apparently the shift in the diet 2f the guanaco was
initially caused by interference competition with sheep.
This conclusion is based on the dramatic shift in the
guanaco diet from grass to brawse immediately following
the introduction of sheep onto the range in late May (see
Figure 44). The effects of interference competition would
be noted immediately since it depends only on the number
of competing individuals., Exploitation competition
depends on the depletion of the forage resources and
hences could not occur instantaneously. The hypothesis of
initial interference competition is further supported by
the observed gradual increase in the grass conponent of
the guanaco diet, counter to the decline in abundance of
grass on the ~range; possibly as the guanacos become
accustomed to the presence of sheep and herders on the
range. However, exploitation competition must also be an
important mechanisms, since the dietary overiap again
decreases in the early spring» with the bloom of new

plantsy white sheep ares still abundant on the range.

While both herbivore species would be inhibited by
the overtap in forage use by the other species, there is
strong evidence to support the hypothesis that

interspecific competition affects the guanaco to a greater
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extent than it does the sheep. First, the sheep diet was
relatively constant throughout the years, regardliess of the
presence or absence of guanacos. A test for seasonal
changes in the sheep diet based on the forage classes of
grass and grass-likesy browse and forbs, shows no
significant seasonal <changes (ANOVA, with P=20,05)s The
seasonral changes that are observed ( J.ee. the slight
increase in browse consumption in the winter) was typicatl
of the sheep diets on most ranges in Magallanes in
generals and was most likely the result of intraspecific

competition for the reduced range forage.

Further, the diversity of the sheep diet showed no
ocbvious change during the period of most intensive
competition, The minor changes that were observed
apparently resulted from changes in seasonal forage

preferencess or agains intraspecific competition.

9.5.3 Coexistence of Guanacos and Sheep

Competition is widely accepted as a major force
underlying the different ways in which species present iIn
the same community utilize resources, Competition
promotes the wuse of different resourcess and generates

ecological diversity (see Schoener 1971 for a review).
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The refationship of guanacos and sheep approximates
the "included niche" model of interspecific competition
proposed by Hutchinson (1957)s with the qualification that
the fundamental niches of o»poth species are reduced by
competition, The sheeps with the more speciallized niche,
have excluded the guanaco from much of their former range.
The two species apparently coexist due to niche shifts by
the guanaco where alternate habitat and forage resources

existe.

The success of the guanaco in its current or realized
niche can be attributed to the complexity of the habitat,
and the ability of the guanaco to utilize alternate
forage. Habitat complexity alone has been shown to allow
coexistences both in mathematical models (Horn and
MacAr thur 1972) and in the laboratory (Gause 1934,
Huffaker 1966)s The complexity of the habitat contributes
to the survival of the guanaco in two wayse. Firsty the
structural complexity of the habitat ( ieeoe the
interspersion of pampa and forest) provides a refuge from
hunan harassment. Seconds during periods of intensive
interspecific competition, the forests provide an
alternate and exclusive forage for the guanacds. This
exclusive resource consists of any palatable forage over
75 cm above the forest floor, The guanaco food habits

data clearly show a shift toward browse during
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competition. Undoubtedly, the forage resource of the
forest Iis more important than the refuges since the fenga
foresty lacking in forage, does not provide suitable

alternate habitat in times of intensive competition.

9.6 Seasonal Range Use and Competition

In the analysis of competition in the previous
sectionss the temporal dimension of the niche was not
fully considered. Theoreticallys, it 1|is possible for
potentially competing species to partition the resources
of an environment on a temporal basis: firsts if the
limited resource 1Is continually reneweds and use at one
time does not reduce future resource abundance; or second,
if competition occurs only through interferences so that
resource use during different time intervals obviates
actual contact between the species. This is asserted to
be quite rare in natural systems as a whole (Schoener

19374b)s although not uncommon among ungulatese.

In the case of guanacos and sheeps the limiting
resource is evidently forage. Use of the forage at
different times of the day or seasons of the year |is
unlikely to reduce competition since the forage resource

is produced in a vrestricted season of the years and
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competition is ultimately through joint use (exploitation
competition), However, seasonal use can determine which
herbivore is adversely impacted and the degree of the
impact. For instance, if two species use the same areas
but one i{in summer and the second in the winters only the

second species will be affected,

In this section, I witl describe the competitive
relationships Dbetween sheep and guanaco as affected by
season of use. The study area can be divided into five
types of sheep=guanaco seasonal use patterns:
winter-winter, summer-yearlong, summer-winter,
spring-yeariongs and winter-yearliong (sheep use listed
firsty guanaco second)s. The distribution of these range

types is given in Figure 48,

9.6l MWinter-Winter Range Use

Winter range of the migratory guanacos overlaps with
sheep winter range along the shores of Useless Bays and to
the north of Lago Blancoe These are currently critiqal
areas for guanacoss since these sheep winter ranges are
overstocked. In severe winterss, when snow becomes crusted
and covers the low vegetation, all the livestock and

guanacos are concentrated in the last patches of forage,
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and targe die offs of both species occur. In 1973 up to
50% of the guanacos and 35 to 45% of the sheep on these
ranges died. Howevery this situation may be corrected in
the futures since it is clearly recognized that these
ranges are overstocked with sheeps and sheep numbers are

being reudced (C., Bristiltlo, per. comm.),

9.6.2 Summer-Winter Range Use

Summer use by sheep and winter use by migratory
guanacos resuits in Munilateral competition” or
amensalismy where oniy the guanacos are Impacted by
conpetition, This type of range use is found in the
southwest corner of the estancia, Jjust north of the
continuous forest. The wintering guanaco population in
this area has the highest density of any guanaco
population within the island, and probably in all of South
Aserica. 3Since the sheep industry on the islands and the
province in generaly is currently limited by sufficient
winter range, the summer ranges are not overstocked, The
forage in these summer range areas is not fully utitized
as on tne winter range. This rangs area has a stable
trends and is in failr to good condition. 1In most years

there is adequate winter forage for the guanacos. However
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fittle is known about the ecology of these guanacosy since

they are inaccessible the year round,

9.6.3 Suwmer~Yeariong Range Use

This type of common range use is found in the north
central section of the study area. Since the summering
sheep herds are limited by the amount of winter range
availables the summer of the study area. Agains, these
summer ranges are not overstocked with sheeps and the
general range condition is fair, with a stable trend.
However, the productivity of this area Is quite {lowe
Guanacos in the area are able to maintain their
predominantly grass diet throughout the years and winter
survival is average., In the winter of 1973, the mortality
was only stightly higher than average. Due to the tow
quality of these ranges, the guanaco population is only
moderates with 1800 guanacos (roughly one per square
kilometer)s with most concentrated in the eastern portion,
with few guanacos on the lateral moraine topography on the

west,
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9.6.4 Spring=Yearlong Range Use

This type of common range use is quite (limited, and
found only in the southeast corner of the estanciae. The
area is used as spring range for the ewes during the
tambing season. The range condition is generally fair to
goods as the area is somewhat protected for the +{ambing
ewese Competition pressure on the resident guanacos is
thus moderate, and the guanacos do not seem to shift much
from tneir year-round grass diet., Guanaco survival in
this area is better than averages with onily about 20%
mortadity in 1973, However, the total area in this
classification is quite smali, and contians only about 300

guanacos (2.5 per square kilometer).

9.6e5 MWinter-Yearliong Range Use

The northeast corner of the estancia is the primary
sheep winter range. The area supports 752 of the total
winter sheep herd. The food habits and range use of the
guanacos and sheep of this area were discussed in detail
in the earlier sectionss where it was indicated that
strong competition exist between the two species.
However, the area stili supports the largest non-migratory

guanacd population on the study area (2400 guanacoss or
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4¢0 per square kilometer). 1In general, these ranges are
overstocked with sheeps and the range trend is downward.
After the severe winter of 1973 the winter sheep
population on the area was maintained by management at a
fevel approximately 15% below the former population size.
Range conditions should (improves but greater reductions
are necessary to prevent a continued deterioration of the
range. In a ftater sections, I will attempt to modeil the
competition dynamics between the sheep and guanacos in

this area.

97 The Dynamics of Interspecific Competition

The results of tne earlier sections clearly show that
the guanaco and sheep of the study area competes, at least
to some degree, for the finite resources of the
environment, It was also shown that the guanaco has
responded to severe competition with the sheep by niche
shifts both in habitat and forage utilization where it has
had an opportunity to do so; and a paraliel reduction in
overall distribution and population size has occured.
However, these results alone do not indicate the stability
of the competitive "equilibrium® that the populations may
have reached. Nor do we yet have any predictions of the

impact of competition on future guanaco populations. 1In
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this section, I will construct models of the dynamics of
the interspecific competitions based on the information
presented in the previous sections, and discuss the
predictions provided by these modelsy with regards to
future population size. I will also suggest how these

models could be validated by future worke

Since competition theory readily lends itself to
mathematical modelsy, a considerable number of models and
systems of models have been developed that deal with all
aspects of competition theory. The purpose of this
section is not to add to this to this already burgeoning
array of modelis, but rather to examine the most promising
of these, and test their predictions against the results
of the <earlier sections of the study. I will attempt no
comprehensive review of the field; such a review iIs glven

by Hutchinson (1978).

Two classes of models seem worth examination: first,
I will start with the simple forms of the Volterra
equations, since they have been the basis of much of the
current competition theory, and second, I I will examine
some of the newer energy balance models that deal with the

actual mechanisms of population growth and competition.
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9.7.1 The Volterra Competition Model

Much of the theory of competition is based on the now
"overworked" Votterra equations, which model t he
simul taneous growth of competing species as a set of

differential equations of the form:

dN,/dt rIN]/K1(K] - N, - A,_N,) (13)

1 1272

dNZ/dt erZ/Kz(K2 - N, - A, N) (14)

2 211

where the "r's" are the instantaneous rates of growth per
individual for the two populations; the "K's" are the
carrying capacities of the habitat for species ™Nl" and
"N2", The competition coefficients are the "A's" (usually
written as the Greek symbol alpha): Al2 is the relative
effect of species 2 on species ly and A2l is the relative
effect of species 1 on species 2. If there is no
detrimental competitive effecty ( i.es the competition
coefficients are both zero) then both populations grow

logistically.

There are several difficulties inherent in the use of
the Volterra equations. Firsty 1ike the 1logistic
equations they are probably an oversimplification of the

competitive process (see Gilpin and Ayala 1973, Schoener
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1974a). Seconds the alphas are difficult to computes and
may even mask the real mechanisms of the competitive

interactions.

Howevers for the purpose of the present discussion,
the Volterra equations are a logical starting point since
they are mathematically tractablie, the bahavior of the
model is well known, and the growth of the sheep

poputlation since introduction is quite logistic—-like,

To evaluate the dynamics and qualitative outcome of
this modely we asky what are the popuiation levels at
equitibrium ( i.e. when the growth rate of both
populations is zero)? The mathematical or graphical
solutions to the model are given in most general ecology
texts (see Wilson and Bossert 1971, Pianka 1974). There
are four possible equilibrium solutions to these
equations: a stable equilibrium with both species present
at some population size; wunstabile equilibriums where
either species can ultimately displace the other species,
depending only on the initial densities; and finally, the
competitive exclusions of one species by the other, The
solution of the equations shows that general results of
the model <can be determined by cownputing the competition

coefficients and carrying capacities for both species,
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the conditions for the equilibrium solutions are given in

Table 34,

To evaluate the Volterra competition model for
guanacos and sheeps the interactions of the two species in
the northeastern section of the study area will be
analyzeds based on the data presented In the previous

section on food habits and habitat utitization.

The carrying capacities of the two populations were
calculated Ffrom the 1972-1975 sheep population numbers.
Since 80,000 sheep annually used the area for six months,
the carrying capacity was calculated to be half, or 40,000
sheep. The carrying capacity for guanacos was estimated
to be 13,000 based on body-equivalent weights ( i.e. one

guanaco equals three sheep).

Table 34. Summary of the four possible cases of competition
under the Volterra competition equations.

Conditions Results
(a) A2J > KZ/KI and A]21= K]/K2 Species 1 excludes 2
(b) AZI < KZ/K1 and A12> KI/KZ Species 2 excludes 1
(c) A21 > KZ/K1 and AIZ-: KI/KZ Unstable equilibrium
(d) A?_1 < KZ/KI and A]2 > KI/KZ Stable coexistance
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The competition coefficients were calculated on the
basis of the resource utilization datay both for habitat
and forage. The competition coefficient calculated is an
overai! "multidimentionail®" coefficient, which equals an
appropriately weighted {inear combination of the
"one~dimensional" coefficients based on forage and habitat
data (May 1975). The actual calculation procedures are

given in Appendix B.

The results of this analysis» based on the
competition coefficients and carrying capacities defined
aboves predict that the guanacos (species number 1) shoulid
be excluded from the habitat through competition with the
sheep (species 2). When the "Ai j's"™ are calculated on the
basis of the annual average forage and habitat

utilizationss we get the following parameter vatues:

Al2 = 0.825 and A21 = 1l.164%

K1/K2 = 0433 and <2/K1 = 3,0

which gives the relations defining the outcome of

competition as follows:

Al12>K1/K2 and A21,K2/K1 (15516)

which signifies that the sheep (N2) will out <compete the

guanacos for the timited food resourcess and the guanacos
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will be eventualily excliuded from the range where they are

now sympatrice

The same competitive relationships result when the
parameters are calculated on the basis of the winter
period, June through October, when the guanaco has shifted
its forage niche in response to competition with sheep.
The competition coefficients are: Al2 equals 1.55, and A2l

equalis 1,03,

The overall conclusion from this model is that the
guanaco will eventually be excluded from the habitat by
sheep which appear to be competitively superior. There is
little doubt that the sheep are competitively superior to
the guanacos under the present management system. The
sheep have been bred to be efficient converters of forage
to animal biomass, and management attempts to maximize
their utitization of the available forage resources
through seasonal movements and herding. If we accept the
Volterra model as an appropriate model for this system, we
need to consider why the guanaco has not already been

exciuded from the area of range overlap.

The first possible conclusion might be that the model
is appropriates but the parameters were improperly

estimatedy leading to false conclusions, For exampley if
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the competition coefficients were incorrect, it is
possible that the model could have predicted stable
coexistence of the two species. However, if we calculate
the coefficients that would allow coexistences the results
show that the coefficients are different from the
experimental resuits by a factor of twoe. Thus the results

would seem to be at least qualitatively correct.

Seconds, since the Volterra model assumes that the
environment is saturateds we might concliude that the
guanaco population has persisted because management or
predation has held the sheep numbers below the carrying
capacitys Thus, if they were allowed to increase, the
guanaco population would be excludeds However, this Is
unlikelys since we have seen in an earlier section that
the sheep are near the long term maximum carrying capacity
of the range, and may have even exceeded ity as indicated
by the downward trend In stocking rates and range

conditiony high winter mortality and lambp losse

Thirs, we might conclude that the Volterra model is
inappropriate for this systemy since several of the
undertying assumptions are biologically unrealistice. The
noded depends on the following assumptions: 1) all
inhibiting retationships betueen and within the

populations are strictly ftinear, 2) all the values in the
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model are constant over time and in spaces 3) the
environment is completely homogeneouss i.e. all species
use the ssme resources (Pianka 1374). However, we know
that in real populations these assumptions are alt
violated to a certain degree. Parameter values and
relationshipsy especially in temperate environments,
change from individual to individual and with time and in
space. Indeeds temporat variabitity in the environment
alone may allow coexistence by continually changing the
competitive relationships between the species.
Furthermore, few ungulates tive in homogeneous habitats;
indeeds competition theory is based on the idea that
naturatl selection will geneticaliy Fix divergent patterns
of habitat utilization within heterogeneous environments,

thus reducing interspecific competition,

On the basis of the results of the pravious chapters,
I would conclude that this last aiternative Is the most
reasonable. The Volterra model does not appear to be
appropriate for this systems, and its predictions are not
consistent with the results of the sections on population
dynamics of sheep and guanacos. Furtherﬁore’ more complex
versions of the same nodel are not likely to be of much
uses since the underiying assumptions themselves seem to
refute much of the competition theory that they purport to

descr ibee
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9.7.2 Energy=balance Models

Schoener (1974c) has developed a set of population
growth models that are based on the partitioning of energy
entering into the system both by individuals of a species,
and also their competitorss These are mechanistic models,
that is» they are based on the actual mechanisms of
population growths, rather than the models like the
Volterr2 model which statistically fit a descriptive model

to the data.

The energy-balance model! that is most appropriate for
the guanaco and sheep populations are equations 5 and 3a
of Schoener (1974c)e The model consists of the following

equations:

where species 1 is the guanacos and species 2 1|Is the

sheep. The key to the symbols is given in Appendix C.

This system of equations models exploitative
conmpetition for overlapping resources with a fixed energy

inpute In the absence of competitorss, both species would
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grow in a logistic—-like manners reaching some upper limit
of population size, due to the fixed resources. In the
given case, the sheep hnhas its niche entirely included
within the niche of the guanaco as we have seen in Figure
47, Thus all resources of the sheep are available to the
guanaco. Furthermore, the guanaco has excliusive
resourcess such as the browse and tree-borne plantss, that
are out of the reach of sheeps These exclusive resources

are represented as "Igy" in the equations.

According to Schoener (1974c¢c2272):

"the species with the exclusive resource will
obviously survivey, but whether the other does or not
depends on several parameters, Simple algebra shows
that the two isoclines either (1) intersect once in
the first quadrants whence the singularity is a
stable node or (2) fail to intersecty resulting in
exclusion of the included specie@Seese IN other words,
for coexistence (1) the carrying capacity of the
broad-niched species must be smali; (2) the feeding
efficiency of the included species must be targe; (3)
the Llikelihood of the included species getting an
item of overlapping resource must be great; and (4)
the death and maintenance rates of the included
species must be smatl."

Considering the facts that the sheep are domestic
animalsy and artifical selection has selected for the
exact characteristics given by Schoener for the included
speciesy it would seem that the coexistence of both

species in this system is assured. The graphic results of
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this model, as compared to the Voiterra model are given in

Figure 49,

In addition to coexistences the model predicts that
(a) the guanacos shouid persist at the present levels
indefinitely uniess the habitat is altereds (b) guanaco
numbers will be insensitive to fluctuations in sheep
densities (due to the non-linear npature of the phase plane
isoclines)s and (c) the numbers of guanacos that have
survived are the maximum number that can exist on the
exclusive resources and the limited shared resources

avalliable to the guanaco.

Several of the resulits of the earlier sections
support the wuse and conclusions of this second model.
Firsts the guanaco population dynamics results indicate
that the population is indeed stable. An analysis of the
poputation growths based on a Lestie Matrix model (Leslie
1948) of the fecundity-survival matrix gives stability
conditions, that 1is» the dominant eigenvalue is ones
signifying a stationary population. Furthermore, indirect
evidence presented in the earlier sections indicated that
the guanaco population has not changed dramatically in the

fast decade.
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Seconds the 30% increase in the sheep herd from 1967
to 1973 did not noticeably affect the guanaco population
numberse The data from the present study further indicate

that from 1971 to 1973 the guanaco population was stable,

Third, food habits data <clearly suggest that the
guanacos consume a large amount of Fforage that is
excusively available to them in the critical winter
periodse. The upper {imit on sheep browsing is about one
meters while the guanaco can browse as high as 2.6 meters,
The browse above one meter s in a nearly unlimited
supplys and contains a moderate amount of highly preferred
plants such as the lichenss fungis and epiphytes. This
forage can undoubtedly sustain a guanacos since several of
the migratory populations in the continuous forest to the
south of the study areas subsist where browse Is the only
winter forage available. These migratory guanacos exist

where sheep cannot survive.

Fourths in the severe winters when the grasses were
crusted over with snow mortality rates were dower in the
guanaco than in sheepe In the winter of 1973, the sheep
mortality in the interior ranges was close to 50%, or
nearly five times the average rate. At the same timey
guanaco mortality on the same ranges was not even double

the average rate. Guanacos did not perish since the
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exclusive resource was virtually unaffected by the snow

conditions that covered the grasses.

9.7¢3 Validation of Competition Models

There are several ways in which either of these
models could be validateds Firsty one could continue to
monitor the population sizes of both species over time,
The important parameters to consider would be the relative
densities of the two species in the various habitats and
changes in population density of one species relative to

the other speciess

Second, a more active research porgram could attempt
to again evaluate the <competitive refationships of the
species periodically over time. This approach would be
most appropriate if there were substantial changes in the
habi tats of the species» or iIn the management of the

habitats or even the species themselves.

Thirds since the guanacos apparentiy depend on
certain seasonal foodss and tie continued production of
these foods in adequate amounts is necessary for their
survivaly, one could measure the response of the guanaco

population to changes Iin this food supply over timee. For
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examples a continual reduction in the forest browse and
the other tree-borne foods should resuilt in a reduction of
the guanaco poputation {Ff the conclusions of the latter

wodel are correct.

.74 Predictions of Future Guanaco Poputation Trends

The prediction of the future trends in the guanaco
population are directly dependent on the model that is
setected as being the most appropriate for the system.
The differences between the two models are dreamatics as
the first model of Volterra predicts ultimate extinctions
while the model of Schoener predicts persistence of the
guanaco poputation at the present levelss even if sSheep

were to increase.

In the discussion of the two modelss I concluded: that
the Vlatter model was most appropriate. Even though this
model predicts persistence of the guanacos this conclusion
is based on a static environment. Extinction is still
possible if the environment changes as a result of habitat
manipulation by man or by natural causese. For example, if
the forest patches which provide the exclusive forage
resource for the guanaco were substantially reduceds we

would expect a reduction in guanaco numberse. Changes in



318

the tand uses such as heavier sheep stocking could aiso
reduce the guanaco population, especially in the areas
currentiy wused by the guanaco in the winters and sheep in

the summer.

Furthermores these models are both deterministics and
do not allow for changes in the environment, such as
catastrophic winters, or disease under stress of poor
range.. Any stochastic variation in the parameters of the
models would give a certain probability of extinction,
This probability of extinction would be minimal in a large
populations, however, in a population already reduced to
such low levels as the guanacoss this probability could be

significant.

3.8 Theoretical Considerations of Niche Shifts

A substantial body of theory has been developed that
deals with the manner in which animals partition the
resources of the environment. Optimal foraging theory s
a subset of this theoryy, and predicts the sort of niche
shifts that are most fikely to occur with a change in
resources abundance due to competition (Planka 1976).
Optimal foraging theory is based on the premise that an

animal will harvest its food in a manner that witl
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maximize {ts Darwinian fitness (MacArthur and Pianka
1966). Recent reviews of the theory are given by Schoener
(1971)y Pyke gt al. (1977)s, and Krebs (1978), In this
section we shaltl see |If the qualitative predictions of
optimal foraging correspond with the obssrved changes in

foraging patterns of guanacos and sheep.

9.,8.1 Optimal Foraging Theory and General Predictions

Optimal foraging theory 1is based on contingency
feeding models in which an animat ",,.weighs the per—-unit
energy gain form an item of food if caught and eaten
against the expected gain if that item is skipped and only
better items are searched for and consumed™ (Schoener
19748:4169). These models can be generalized to include
decisions on habitat patches included in the itinerary of
the organism by changing the parameter definitions. These
results have been derived Independentiy by no fewer than
eight authors (Pyke et ale. 1977), and have lead to the
foltowing three gencralizations:

l¢ A reduction in food abundance should lead to an

expansion of the diet, and possibiy a contraction
in habitat (MacArthur and Pianka 1966).
2o Whether a food item is inciuded in the diet

depends only on the abundance of better items
(Schoener 1974b).
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3. a prey type should be eaten on every encounter or
never eaten (for fixed densities) (Putliam 1974).

In these modelss, foragers are grouped into two types
of feeders: those that have a fixed energy requirement and
a {imited amount of time to forage, with fitness
increasing-uith time spent in otver activities, the animal
will need to maximize the net energy intake while it
forages (called the "time minimizers"™ by Schoener 1971);
and seconds those that have a Ffixed amount of time ¢to
forage (or process the forage in the gut in the case of
ruminants)y but whose fitness increases with Increases in
energy obtaineds should maximize the amount of energy
obtained in the fixed foraging period (catled "energy
maximizers" by Schoener 1971), In both cases the net rate
of energy lnfake white foraging will be maximized, and the
three predictions given above are identical for both

classes of foragerse.

While many of the predictions of optimal foraging
theory are yet untested, a nuwber of studies have shown
that animals do tend to forage according to the
predictions of the models. Krebs (1978) has reviewed the
resuits of these tasts of the theory. In generals the
best results are obtained from animals such as carnivores

whose foods vary in capture and search costs» and <caloric
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yield per itemy but not in nutritional content. However,
Belovsky (1978) <concliuded from his studies that the
observed diet of the moose agrees with the predicted
dietsy which were based on the energy maximization
hypothesis of optimal foraging theory. He generated his
predicted diets using tinear programming, with nutritional

and thermoregulstory constraints.

Nonthelesss many authors have commented that
generalist herbivores are subject to several constraints
that are difficult to reconcite with the basic assumptions
of optiwal foraging theory. Firsts unlike carnivoresy the
herbivore faces a changling optimal diet due to changes In
the properties of its foods which often can not be
detected untit consumed (Krebs 1978). Thiss coupled with
a long-delay learning mechanism (Westoby 1974)
necessitates a continual sampling of the different food
types to monitor the changes in nutritional value of the
foods. Westoby (1974) predicted that the optimal diet of
range sheep should consist of only one or two plant
speciess based on the nutritional needs of the sheep, and
a knowledge of the chemical composition of the ptants.
However, the observed diets of the sheep were mnuch more
diverse» and he conciuded that the differences were due to

sampling.
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Seconds it is impossible for a generalist herbivore
to qualitatively rank each food item in the diet since the
items are not independent of other foods taken in the same
foraging period. Unlike carnivores whose different foods
all provide the same relative mix of necessary nutrients,
the foods of herbivores vary greatly in nutritional value,
Hence the herbivore must eat a mix of different foods to
provide the important nutrients or lack of "negative
nutrients" such as secondary plant toxins (Westoby 1974),
Freeland and Janzen (1974) argued that the concentrations
of plant toxins in otherwise valuable foods is the main
source of diet diversity and partial preferences in

mammalian herbivores.

While the simplest contingency feeding modeis may not
be entirely appropriates, Schoener (1971) argued that the
nutritional constraintss and other factors mentioneds witl
be relatively unimportant, and the predictions of optimatl
foraging theory will stiil be valid. This is partially
supported by the work of Belovsky (1978)s Puitiam (1975),

and Pyke et ale (1977).
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9.8.2 Specific Predictions of Guanaco Foraging Patterns

On the basis of contingency feeding models and our
knowledge of sheep foraging patternss it is possible to
predict how the guanaco niche should change with a
decrease in forage abundance as a resuit of competion with
sheepe ToO make thse predictions we need to assume flirst,
that the guanacos Ulike most wungulatess is an "energy
maximizer" seconds that the net rate of energy intake per
unit feeding time is the most important factor in the diet
selection, Two types of resources will be considered,

both food and habitat.’

OPTIMAL DIE. A competitor can reduce the
avaldabifity of a food item» but can not reduce its
energetic or nutritional value. Thuss an item worth
eating before the pressures of competition is worth eating
with increased competition and reduced forage abundance
(MacArthur and Pianka 1966). Howevers if the density of
the highest ranked item is reduced, the diet should expand
to include other items of lower rank. Selectivity should
decrease as the chance of finding something better after
skipping an item decreases., We would therefore predict
that diet diversity would increase with an increase in
competition. This increase in diversity should also

increase dietary overliap between the competitorse.
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OPTIMAL HABITAT. A specialized competitor, one with
distinct habitat preference like the sheepy» can
preferentiallly deplete come patch types to the extent
that the forage value within those patches is reduced.
The reduction can decrease the overall selectivity, and
reduce the range of patches occupied, if the favorable
habitat is timited. Thuss other, Ilower ranking patches
can be added to the itinerary. In the case of the
guanacos the preferred habitat was preferentially depleted
by the sheep. Hences we would predict that with
depletiony the guanaco should include other patchess such

as the forests in its itinerary,

Furthermore, if the patches contain different food
items, a restriction in patcies in the itinerary could
reduce food niche breadth as well. Hences with a somewhat
speciallzed competitor, the original species in the
habitat could become more a of diet speciatists contrary

to the first prediction.
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9.8.3 Comparison of Observed and Predicted Foraging

Patterns

when we compare the observed and predicted niche
shiftsy several interesting patterns emerge that were not
fulty predicted by optimal foraging theory. The observed
shifts 1In the habitat niche of the guanaco were described
in an earlier sections, and the food niche shifts are
§ummarized in Figure 50, The breadth of the food niche
was mesured by the trophic diversity index., A high

trophic diversity index indicates a diverse diet
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Figure 50. Dietary overlap between the sheep and
guanacos, and trophic diversity (7.D.),
by season on sympatric range.
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(Hurturpia 1973)., Shannon's (1948) formula was used to
calculate the trophic diversitys based on the number of
different plant types in the diet. In this analysiss the
maximum Index value possible is 0.602, representing the

highest possible dietary diversity.

The results show that the winter diet of the guanacos
during the period of most intense competition has
expandeds and includes more items than the pre-competition
diet. Howevers the proportion of the items in the diet
has changed dramaticallys, to the extent that the guanaco
is now a diet specialist, as Indicated oy the reduction in
trophic diversity of the diet from 0,491 in April to 0.214%
in June. This decline in diversity of the diet is
significant (P=0,05, based on ANOVA). This contraction in
the diet resulted from a reduction in the types of habitat
patches occupied, The guanaco shifted from a grazer on
the grasstands to a browser and grazer in the forest
patches. Without competition with sheep and preferential
depletion of the grasslandsy this change did not occur
(see Tadble 32). With depletion of the grasslands by the
sheeps» the foraging value of the pampa for guanacos
decreased to a wvalue lower than that of the forest

patches,
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However, the predicted contraction in habitat patches
should have been graduals, coinciding with the gradual
deplietion of the patches by sheep. But this was not the
case. The guanacos contracted their habitat patches and
expanded their diet before the sheep could possibly have
depleted the grasstiand patches. Undoubtedlys there is an
additional "cost of social interactions” with sheep that
sust be included in the energy balance equation of the
simple contingency models. This would be consistent with
the earlier observations of of interference competition of

guanaco and sheep.

For example, in Schoener's {1974a) model of
contingency Ffeedings the net enegy gained by the consumer

is defined defined as:
SPiEi - CsTs (19)

where "..."Ei" is the net energy (potential minu pursuit
and handting-swallowing costs) for a single item of Type
“in"; Pi is the frequency of Type ™i" in the environment
(availabitity); ™Ti" is the mean search time per item of
available food; and "Cs" is the cost per unit serach time
time" (schoener 1974a:4169). If a cost term for social
interaction were added to this summations then high costs
of social interaction within some patches would reduce the

foraging value of the patch and it would be dropped from
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~the itinerary., This could occur even if the patch had not

been depieted.

The foraging niche of the sheeps, unaffected by soclial
interactions to a large degrees shifts in accord with the
predictions of optimal foraging theory. Flrsty the diet
of the sheep expands throughout the winter, as the grass
is depletec., The dietary breadth also expands throughout
the winter as grass availability decreases. In tﬁe
springs with the new growth of grassy the diet again

contracts.

With the depietion of the grassiandss the sheep also
show a shift in habitate As the winter progressess the
sheep gradually start to use other habitat patchess such
as the forest, the bogsy, and the rush meadowse The shift
into the forest by the sheep is not as dramatic as for the
guanacos since the forest has a low foraging value for the
sheep, due to the short verticle reach of the sheep.
Thiss coupled with a low nutritional rank for the browse,
makes-the forest a low ranking habitat for sheep. They
can maximize their energy intake by including poor
quality, but readily available grass-likes that were not
selected earlier in the winter, The consumption of

grass-likes by sheep increases dramatically during the
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late wintery, until the new grass growth in spring (see

Table 31).

The first prediction of optimal foraging models says
that with reduced forage availabilitys the diets should
expand. This was observeds, howsever, the converse should
also be true; that 1Iss with an increase in forage
availability, the diets should specialize. While the
range of items in the diet does decrease, the diets do not
specialize. The trophic diversity in both cases is near
the maximum throughout the summer period. While we can
only speculates this diversity of the diet could be due to
the nature of the forage and the nutrient needs of
ruminantss which may only be met from a mix of forage

items in the diet.

Clearly the predictions of optimal foraging theory,
based on the proper contingency model can grealty aid in
the understanding of habitat needs and the effects of
exploitation competition on ungulates. However, without a
detailed knowledge of the behavior of both species in
social interactionsy optimal foraging theory is unlikely

to be an accurate predictor of foraging patterns.



CHAPTER 10

Conclusions

The hypothesis of the present study is that the
growth of both sheep and guanaco populations of the study
area is wultimately limited by the forage resource,
Intraspecific and interspecific competition for the forage
are the mechanisms that function to regulate both
populations, Further, as a result of competition with
sheepy the distribution and abundance of the guanaco

population have been reduced.

Alternate hypotheses are that the guanaco popuiation
is limited by natural predatorsy, harvesting by humans
{hunting), introduced diseases, changes in the abiotic
components of the environment (weather), and

socio-pnysiologicat self-regulation,
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The results of the present study clearly show that
the sheep and guanaco populations are (imited by the
amount and quality of available forage. Both populations
respond to a decrease in available forage by an increase
in mortality and a decrease in natality. In the guanaco
populations starvation accounted for B80% of the total
mortalitys and is clearly the dominant mortality factor.
Other mortatity factorsy such as diseases huntings and
predation act 1iIn a compensatory fashions and remove
indiviudals from the population that would otherwise die
of starvation. In the case of the sheep populations, the
tong term records documented the decline of the population
growth as the carrying capacity of the habitat was
approacheds the deciine in the population size as the
forage production declined due to overgrazings and the
subsequent increase In the population with an increase in
forage production resutting from range improvementse
Furthermore, starvation losses increased when the harvest
rate was reduceds thus preventing an increase {in the

poputation size,

During the study period, competition for the
available forage resources operated to limit the guanaco
population in two ways. Firsts guanacos and sheep
occupied the same habitats and were in direct competition

for the forage. Intraspecific competition with the sheep
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inhibited the guanaco population through a depletiion of
the forages and by exctuding the guanaco from the forage
through social interactions (disturbance). In areas where
sheep consumed neasiy all the available forages and
alternate forage resources were not availablie to the
guanacos the guanacos were eventually displaced. Seconds
intraspecific competition operated to limit the guanaco
population to the approximate (level that sould be
supported by the resources that were available to the
guanaco after competition with sheep, Territoriality in
guanacos has evolved as a result of intraspecific
competition for resources through natural selection at the
individual levei» and not as a means of population
regutation, Interspecific competition sets the  upper
bound on the guanaco population sizes and intraspecific
competition maintains the population at or near this upper

bounde.

A nodel of the interactions of guanacoss sheeps
humans, and the environment is given in Figure 51,
represented by a fiow diagram in formal System ODynamics
notation. In this model, the species population size is
determined by the difference between the birth and death
rates.. The forage supply available to the heroivores is
determined by the difference between the rate of net

primary productivity (NPP)>» and consumption and
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decomposition of the forage material either not avaifable

to the herbivores or not consumed.

In the model», three factors directly affect the
guanaco popuiation: forage supplys disturbance, and
humans. The most important is clearly the forage supply
which determines the rate of starvation, and influences
the rate of birth, accidents, and disease. The human and
disturbance factors are definitely secondary as they
affect onty the accident and hunting mortality rates (10%

and and 5% of the total mortality).

The forage that is available to the guanaco
population Ffor growth and reproduction is affected by
several factors, Firsty the NPP is affected by the
abiotic conditions of the environments such as soil
fertifity, climate, length of the growing season, and the
herbivores themselves, Overgrazing by sheep has reduced
the NPP of the Patagonian rangelands. Seconds the Fforage
supply is reduced by factors that make the forage
unavailable to the herbivores, such as plant growth forms,
weather patterns ( i.e. snowfail that covers the forage),
and social interactions with other herbivores
(interference competition). The results of the present
study have shown that social interactions between the

guanaco and sheep and consumption by sheep have reduced
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the forage supply available to the guanacos by as much as

90 to 95%.

In the model, intraspecific competition is
represented by the loop from the guanaco population to the
rate of forage consumptions, to the forage supplys then
back to the rates of birth and death of the guanaco. This
is the top that ooperates to maintain the guanaco
population within the limits established by interspecific

competition,

Interspecific competition affects the guanaco in
several ways, First, sheep have reduced the NPP of the
range. Second, the sheep consume much of the preferred
forage available to the guanaco and sheep. Thirds social
interactions with sheep (disturabance in the modeé) make
much of the forage unavallable to the guanacoss and
increase the accident rate, The reduction in the
available forage reduces the birth rates and Increases the

mortality due to starvationy, diseasey and accidents.

This model of the results of the present study
ctearly shows that population regulation is not a simple
process that can be neatiy defined as density-dependent or
independent, Rathers, populations are limited by a number

of factors both obvious and subtle. Furthermores, the
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retationship between these different factors over time
undoubtedly changes as the environment changess. and must
be periodically reevaluated during any process of

popufation management.

In the case of the guanacos of Magallanes, it
management oF the guanaco is to be successfuly steps must
be taken to reduce the competitive pressures of sheeps and

increase the forage supplies available to the guanaco.
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APPENDIX A

The Criteria of Age

The ability to accurately assign ages to individual
animals In a population is a powerful tool in the study of
that population, This ability permits the assessment of
such important parameters as population structure,
mortality and survival ratess age-specific reproductive
ratess etc. While the major species of wildlife in North
Americas Europes and Africa have been studied with regards
to the criteria of age, no work has yet been completed on
the guanacos or any of the other South American members of
the family Camelidaes For the present studys therefore, a

method of age determination needed to be developed.

The objectives of the study of aging techniques were
three: firstys to determine the ages of the individual
guanacos in the study samples by an accurate method;
seconds to develop an inexpensive field technique; and

thirds to develop accurate metnods suitable for research.
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All specimens used in this study were cotlected in
the intensive study area of south-central Isla Grande,
All skulls were critically examined for abnormalities that
might make them inappropriate for this systen. Skulls
with abnormal wear or jaw disease were eliminated from the

study group.

Three methods of age determination were analyzed in
the present study: tooth replacements tooth anautations,
and tooth wear. These techniques will be discussed in the

following sectionse.

Since the principal methods of age determination are
based on dentition patternss tooth wears and tooth
sectioning, a general description of the dentition of the
guanaco is necessary. The guanacos like most mammals, has
heterodont dentitions that is the teeth are modified in
shape and size to serve specialized functions in the tooth
row. Four types of teeth are present: incisors (I),
canines (C)s premotars (PM)s» and molars (M). The guanaco
dentition is also diphyodont, which means. that they have
both milk (or deciduous) teethy and permanent teeth. The
molars are the only teeth which are not preceded by milk

teath,
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The general dental formula for the guanacos foliowing
the standard terminology of Riney (1951) and Cockrum

(1952) is the following:

Incisors 003 Canines 1 Premolars 0234 Molars 123

Incisors 123 Canines 1 Premolars 0034 Molars 123

The dentition of an adult male guanaco is shown in Figure
52« 0On the Ilower jaws the mandibles we have three

incisorss which are all of normal incisiform shapee They

Figure 52. Dentition of an adult male guanaco.
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are smally spatulate, and procumbent. The canines are of
nornal caniform shape. They are large and heavy in the
males and less so in the female. Premolars 1 and 2 are
absent in all age classes. Premotar 3 is unicusped at
birth, and is lost by the age one years, and is not
replaced by a permanent tooths Premolar 4 is tricusped at
births and is replaced by a permanent unicusped tooth in
aduithood. The three molars are selenodont molarss and
are not preceded by milk teethe The third molar has an
additional tubercule, making it tricuspeds while the first

and second molars are bicusped.

On the upper jdu’ the maxitlas the tooth numbers are
reduced. Only the third incisor is presents and it has
the form of a canine toothe. However, it arises from the
premaxillary bones and is therefore a modified incisor
toothe The canine Is the same as on the lower jaw. The
first premolar is never present. The second premolar is
present as a unicusped milk tooths but is not replaced by
a permanent tooth, Premolar 3 is Dbicusped as a milk
tooths and is replaced by a permanent unicusped tooth,
which is often lost in adulthood (after 3 years),
Premolar 4 is bicusped both as a milk tooth and as a
permanent tooth. The three mclars are identical to the
mandibular molarsy except that the third molar is

bicusped,
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MATERLIALS AND METHOODS

Tooth Replacement

The pattern of tooth reptacement was determined by
examination of the dentition of known-age captive
guanacdss Mestablished-age™ captive and free-ranging

guanacossy and "established—age"™ guanaco mortalities.

The dentition of four known-age captive guanacos was
monitored at regutlar intervals over a two year period.
The animals were ralsed on natural forage. At the time of
the initiation of ¢the studys these guanacos wWere five,
sixs 18, and 19 months olde A total of 14 age records
were coltected from these individuals, Six other
known-age guanacos were examined once each, two at birth,

three at six monthssy and one at nine monthse.

The data from the known-age animals was augmented by
examination of guanacos of "established-age™, Since
guanacos are born in a restricted period of time (85% are
born in a 30 day periods see Chapter 7)s the age of an
animal with a known date of death could be calculated.
The only error in aging such an animal would result from

variation in birth dates for individual guanacos.
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Robinette gt afe (1957:135) used this method to establish
ages of mule deer fawnss and noted that this would be be a
".eoesource of error of less magnitude probably than
individual variations in tooth replacement”, The age of
60 guanacos varying in age from newborn to 30 months were
established on this basise. Of these ™established-age"
animals, 46 were natural mortalitiess 12 were live
captures of free-ranging animals, and two were captive

individualse.

Material collected from these sources compromised 77
records from 67 individuals, ranging in age from newborn
to 51 months. 1In addition to this collection of known and
estabtished-age specimensy 177 sets of dentition were
examined from other guanaco mortalities. These specimens
were used to check for variations in the pattern of tooth
replacements and to augment the specimens for tge

descriptions of the various age classes.

Tooth Annulations

The teeth from 20 known—age guanacos were avaitable
for study: two individuals were pen raised, ages 3.5 and
9.5 and 18 individuals 2.5 years old were aged by tooth

replacement. Skulls were obtained from an additionatl 172
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guanacoss 3.5 years of age and olders that had died of
natural causes., From each skull the first incisor and/or
ene canine was removed for sectioning. If necessarys the
skull was soaked {in warm water to facilitate tooth
removal. The canines and incisors were chosen for study
since these teeth were most readily removeds especially
from live animalse Furthermores initial study showed that
the annutations from the roots fron the moiars were more
difficult to interpret since the cementum layers were

extremely compacted.

For the anaiysis of the annuli, the teeth were
demineralized, secticned» staineds and mounted on a2
permanent slide by a commerical Ilaboratorys Matson's
Commercial Microtechniques Mittowns Montana. The methods
used followed those of Lockard (1972) and Erickson and
Selgier (1369). In generaly the procedure was the
following:

le The root of the tooth was separated from the

crown with a hacksawe

2« The root was placed in a 30% formic acid sotution
for 72-96 hours to demineralize the tooth matrixe.

3. This was followed by a neutratizing solution of
fithium carbonate in 70%7 ethyt{ alcohol for 12
hours.

4. The root was sectioned on a longitudinal plana
with a microtomes producing sections 12 microns
thiCRQ
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5¢ The sections were stained with hematoxylin stain.

6¢ Permanent slides were made with Paramount or
other mounting medium,

The mounted sections were examined with a compound
microscope at 40 and 100 power, using transmitted light,
All areas of the cementul were examineds since at some

locations the cementum appeared to be damaged or removed.

Tooth Wear

During the course of the study of the guanacots life
history, 543 carcasses fresulting from natural mortality
were collected in the Fields and an additional 25 tlive
guanacos were collected for various studies. In each
casey the complete skull, including the mandible was
numbered and preserved, Of the totals, 366 were adults
over 2.5 years of age. An initial sample of 80 sets of
dentition, representing varying degrzes of tooth wear were
aged by tooth annulie. These 80 sets of dentition were
then grouped by year classess and a detailed description
was made of each year class in the samples, based on the
degree of wears using the system of Severinghaus (1949),
A representative skull from each year class was then

selected for use in comparisons with unknown age material.
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After the year classes had been describeds and a
"known-age" collection establisheds each skull in the
entire collection was then assigned an age on the basis of
wear in comparison with the "known-age" representatives.
After this was completed, a second sample of 117 guanacos
was aged by a commercial (aboratory on the basis of tooth

annulations,

RESULTS AND DISCUSSION

Tooth Replacemnent

The orderly process of tooth replacement has been
recognized as a means for aginjg animéls since Xenophona,
in 400 BCy described the process for the horse (Bigalke
1968). Recent studies have applied this process to a
number of ungulate speciess especially the cervids (Taber
1371, severinghaus 1949). The method is based on the
observation that the deciduouss or milk teeth, are
replaced by permanent teeth over a period of times, and

that this process is highly correlated with age,

This technique has several advantages. Firsts it is
very accurates and the age of an animal can often be
determnined to the nearest month, Seczondy, it is a simple

technique requiring no special equipment or laboratory
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spaces and trained technicians can readily age animals., A
disadvantage is that most animals complete their
replacement of deciduous teeth when they reach adulthood,
often 2 or 3 years of age in ungulates, and no further

ages can be determined.

The pattern of replacement of the deciduous teeth in
guanacos appears to be very predictables and highly
diagnostic of age. In Table 35 the dentition of the
known—-age animals is summarized, and Table 36 contains the
summary for the "establi§hed-age" animaise. 1In both these
tabless the data is limited to the mandibles since this is
generally the most convenient for work in the fields and
with the incisors present only on the mandibies this jaw
is the more diagnostic Ffor age. Table 37 summarizes the
general tooth replacement pattern for both the mandible
and the wmaxilla. In the following sections, the dentition
of the mandiblie of the different age classes is described,
with special attention given to the key characteristics
that differentiate the different ages. These descriptions
should be cross referenced with Figure 53 which shows a

typical mandible Ffor each of the age classes.
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Table 35. Tooth replacement patterns of the lower jaw for guanacos
with age known.

Incisors Canine Premolars Molars
Mos. Wks. No. Sex 1 2 3 1 3 4 1 2 3
0 0 I171 M - - - - - - - - -
0 0 1I168 M - - - - - - - - -
5 1 Gron F d d d (d) d d P - -
6 0 Pain M d d d d d d P - -
6 2 Gron F d d d d d d P - -
6 1 RG1 M d d d d d d P - -
6 2 RG2 F d d d d d d P - -
7 3 Gron F d d d d d d P - -
9 0 Gron F d d d d d d P (P) -
9 1 Pl F d d d d d d P (P) -
17 1 Vivol M (P) d(P) d d d d P P -
17 2 1172 F d(P)d d d d d P P -
18 0 1I172 F P (P) d d d d P p -
24 0 I172- F P P P (P) d P P P P
24 0 Vivol M P P P P d P P P P
30 0 Vivol M P P P P - P P P P
30 0 1I172 F P P P P - P P P P
32 0 Vivol M P P P p - P P P P
39 0 I172 F P P P [ - P P P P
51 0 Vivol M P P P P - P P P P
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Table 36. Tooth replacement patterns of the

lower jaw in guanacos of ''established"

age.

Molars
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Incisors

Age
Mos. Wks. No.
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Table 37. A summary of the patterns of tooth re-
placement in both jaws of guanacos.

MAXILLA

INCISORS CANINE PREMOLARS  MOLARS

AGE 1 2 3 1 2 34 1 2 3
Birth - -0 0 000 00O
1 mo. - -0 0 D DD 0 OO
3 mo. - -0 D D DD (PO O
6 mo. - - D D D DD P OO
9 mo. - -0 D x DD P OO

10 mo. - -0 D x b D P()O

15 mo. - = (P (P x DD P PO

18 mo. - - P P x DD P PO

24 mo. - - P P x P (P) P P (P)
MAND{BULA

INCISORS CANINE PREMOLARS  MOLARS

AGE 1 2 3 1 2 34 1 2 3
Birth 0 0 0 0 - 00 00O
1 mo. D DO 0 - DD 00O
3 mo. D DD ) - 2D (P)O O
6 mo. D D D D - DD P OO
9 mo. D DD D - DD P OO

10 mo. D DD D - DD P(PO
15 mo. (°P) D D r) - DD P PO
18 mo. P P (P) P - DD P PO
24 mo. P P P - D P P PP
Adult P PP P - x P P PP

Key: 0 tooth not yet errupted
D deciduous tooth
P permanent tooh
( ) tooth errupting
x tooth lost, and not replaced by permanent
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Figure 53. Tooth replacement in guanacos. The ages marked on
the jaws are the age in months.
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'Figure 53. Continued.
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Tooth Replacement Age Class Descriptions

BIRTHe No teeth had erupted through the gum although
all three deciduous inclisors and the two deciduous

premolars were through the Jjawbone.

ONE WEEKe The first two incisors were through the
gum; Il was 2.3 mm and I2 was 1,3 mm in height, measured
on the buccal side. 13 was Jjust about to cut through the
gume. The premotarsy, canines and molars had not yet
erupteds however, the premolars were through the jawbone.
The lower jaw lengths, measured from the mental-foramen to
the posterior corner of the jaw articulation (see Figure

l4) averaged 113.0 mm,

ONE MONTH. The incisors showed considerably more
growths measuring Il 6.1 mmy, and I2 3.2 mm on the buccal
side. I3 was still in the process of erupting through the
gume. The premolars had now broken through the gums and
the gumiine was at the shoutder of PM3, The heights were
PM3 6.6 mmy and PM4 9,0 mm on the tingual side. No
canines or molars were erupteds On defleshed skulls the
alveolus <could be seen for the first molar., The average

Jaw length was 121 mme.



375

TWO MONTHS. Alt deciduous incisors had erupted with
the folliowing measurements on the (ingual side: I1 10.1
mms, I2 7.8 mn, and I3 2.5 mme No wear was visible on the
incisors, The deciduous canine was present In several
casesy but the eruption of this canine was erratics and
not well correlated with ages The premolars showed slight
wears with the maximum cusp width (occlusal surface) of

1.5 mm on PM4, The averags lower jaw length was 133 mm,.

THREE MONTHS . The deciduous incisors were
three~fourths developed, and still showed no wear., Slight
wear was seen on PM4, and the premolars were only one-half
developed. The key characteristic of this age class was
the eruption of the first molar., One cysp was through the
gum on four of seven specimenss with a maxymum buccal
height of 4.0 mm on the anterior cuspes The average lower

jaw length was 141.0 mm,

FIVE MONTHS. The incisors showed slight wear for the
first time. The premolars reached maximum heights and had
now started to be worn down. PM4 showed medium wear with
a width of 3,0 mm on the occlusal surface. The first
molar was through the gum on all of the skulls examined
with one <cuspy and both anterior cusps on six of eight

skullise. The maximum height was 8.5 mm on the 1ingual
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anterior cusps and the minimum for the same cusp was 6.5

mme The average jaw length was 149.,0 mm,

SIX MONTHS. The first molar was now even in height
with the PM4» and showed slight wear; 2.5 cusp width on
the anterior lingual cusp. The alveolus of the M2 could
be seen Iin the jaw of defleshed skulls, The average lower

Jaw tength was 152.0 mme.

SEVEN TO EIGHT MONTHS. The third premotar showed
wear for the first time at seven month, PM4 was worn
heavilys and the infundibulum was worn to a thin line with
the 1lingual and buccal cusps separated by less than 1 mm,
The first molar was fully developeds, with a helight of 12
mm on the lingual side, and was slightly worn with an
occlusal surface width of 2-3 mms The second molar could
be seen in the jawbones, and the anterior tingual cusp was
above the jawbone on one of five skulls examined. The

average lower jaw length was 168.0 mme.

NINE TO FIFTEEN MONTHS. On defleshed skulls the
alveolus of the permanent incisors could be seen at nine
months. The permanent incisors could be seen in the jaw
of many specimenss, but this was erratice The wear on the
deciduous premolars was heavy, and the infundibulum was no

tonger longitudinailly continuous on PM4, The key
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characteristic of this age class was the esruption of the
second molar at 10-11 months, when all specimens had at
least one cusp through the gume. At 14 months the anterior
lingual cusp had a height of 8.0 mme The lower jaw length

averaged 175 mm at 10 monthss and 183 mm at 15 months.

SIXTEEN TO TWENTY MONTHS. In this age classs the
deciduous incisors were all replaced by the permanent
teeth. The repiacement was rapids and necessaritly so
since the guanaco must obtain most of its food with these
teethe The replacement order was Il firsty I2 second, and
I3 last. At 16 months the first permanent incisors had
begun to cut through the gum. The other incisors could be
seen {in the Jjaw on defleshed skuilss, At 20 months the Il
measured 20.0 mm on the buccal sides and I2 measured 8.5
mme I3 ués only slightly ;}thed at this time. On many
skulls both deciduous and permanent incisors were present
at the same times and the deciduous teeth were lost
somewhat earratically. The permanent canines began to
errupt at 16 monthss, and most specimens had permanent

canines at 24 months.

At 16 months the Jawbone at the base of both
deciduous premolars could be seen to be erroding away form
the tooth. At 20 months the permanent PM4 couilid be seen

beneath the deciduous tooth in the jaw. Also at 16
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monthss the first molar was Ffully developeds and the
second molar was three-fourths developeds with the gumline
at the shoulder of the tooth. The third molar could be
seen in the alveolus on defleshed skulls. The average jaw

fength was 130.0 at 20 months.

TWENTY TO TWENTY-SIX MONTHS. The permanent incisors
were all completes and fully developed by 24 months.
Measurements at 24 months on the buccal side were I1 20.0
mmy I2 18,0 mmy and I3 12.0 mm. On most specimens the
permanent canines were at least in the process of
eruptings, with many already completed. Female canine

teeth were generally less advanced in development,

At 22 t> 26 months the PM4 was lost and reptaced by a
permanent toothe. The exact age of replacement was
irregutar. PM3 was also lost at this time, but in many
animals it was retained until four or five years of age.

It was not repliaced by a permanent tooth.

At 22 months the third molar was at the tevel of the
gumline, It erupted rapidly, and at 24 months was half
developed and the anterior lingual cusp measured 10.,1 mm
in heighte At 26 months the M3 was three-=fourths
developeds, and showed slight wear on the anterior (tingual

cCusp.



379

The averge ftower jJjaw length was 196.0 mm for this

entire age classe.

THIRTY MONTHS. The primary characteristic of this
age class was the condition of the PM4 and M3, The
permanent PM4 was not yet fully developeds was below the

fevel of the first molary and showed no wear.

The third molar was not yet fully developeds and the
alveolus had not yet cliosed aroung the base of the toothe
Wear on the second cusp was stight and only on the
anterior cusp. Since the elongation of the mandible was
not complieteds, the gumline around the posterior cusp had
not ~vetracted enough to expose the full height of the
toothy and in some cases the third cusp was not erupted
through the gum. The position of the third molar gave the
impression of being cradled in the angle formed by the jaw

and the ramus of the jawe.

There was only slight wear on the M1l and M2, The
sides of the infundibulum formed a broad and conspicuous
syn, On all teeth the enamel layer was thicker that the

visible dentine layer.
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Discussion

The technique of age determination by means of tooth
replacement |Is based on the assumptiuon that the tooth
replacement is a regular and predictable process that s
correlated with the age on the individual. The results of
the present study show that except for minor variations,
the process is quite regular. Thuss the age classes that
have not reached full adult dentitions those between birth
and three years of ages can be aged by tooth replacement

patterns with confidence.

Howevers, in other studiess the rate of tooth
replacement was found to be influenced by the nutritional
levels of the population. Geist (1971) reported that
different bighorn sheep populations had different rates of
tooth replacement. He postulated that those on better
ranges, under less crowded conditions, were better
nourisheds resulting in larger body size and more rapid
physical developement, including the replacement of the
deciduous teeth. Severinghaus (1949) and Robinette et al.
(1957) atso found nutrition to be a factor in tooth
replacement in cervids. They noted that errors could
result if a system developed for one population or

geographic reglon Iis applied to a different region without
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local varification of the methode Thus the descriptions
given above for the guanaco of 1Isla Grande may not be

appropriate for northern Chile, .

Tooth Annulations

The technique of age determinaton through the
analysis of annulations in the cementum of the teeth of
artiodactyla has gained prominance with wildlife
investigators. The initial studies of Schaffer (1950) and
Laws (1952) on marine mammal tooth annulations were
followed by studies on major wildlife species such as
deers wapitis mooses goatss bearss, sheeps, caribous Ilynx,
pronghornss and even man (Low and Cowan 1963, Reimers and
Nordby 1968, Sargeant 1967, McCutchen 1969, and Taber
1971). Recent studies have improved on the technique and
have greatly simplified the methodology and increased the

precision (Erickson and Seliger 1969).

The results of the present study are consistent with
earlier successful studies of tooth annulation, The
number of annuli in the tooth sections from the known-age
animals strongly indicate that one set of light and dark
annuli are added each year <throughout the animals

lifetime, Growth layers in the dentat cementum appear as
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alternate light (opaque) and dark (transliucent) layers., A
complete 2annual Increment consists of one light and one
dark layer. "These (layers result from the periodic
seasonal di fferences in the rate of deposition of
cementoblasts. The opaque 20ne - representing
concentrations of cementoblast cell bodiesess™ (Wolfe
1969:429). In the guanaco the white zone is laid down in
the spring and summer and the dark zones are deposited in

the fall and uwinter.

The annulations in the root of the first Incisor of a
female guanacos 3.3 years old is shown in Figure 54, This
female was collected in the falls, and at this time the
dark layer has begun to formy and the white fayer has
terminated growthe The first dark layers marked "A" in
the figure Is the dentino-cementum junction. This layer
is very distinct in both incisor and canine teeth sections

{see Figure 55},

This sequence of {ight and dark layers continues
throughout the {ife span of the guanaco, howevers in the
later yearsy the Jlayers in the cementunm are more
compacteds and {less distincte Figure 55 gives the cross
section from a canine of a 9.5 year-old male guanaco. In

this individualy the layers are progressivety thinner,



383

Figure 54. Cross section of the root of an incisor from a
female guanaco 3.3 years old.
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Figure 55. Cross section of the root of a canine from a
male guanaco 9.5 years old.
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howevery they remained distinct throughout the tife of the

animal.

Since the first permanent incisor and the permanent
canine teeth erupt at the age of 18 and 15 months
respectivelys the first white layer after the
dentino-cementum junction |is formed during the summer of
the second year of life. Therefore, the age of the
guanaco can be determined by using the first dark ltayer as
age 2.5 yearsy and the age is the total number of dark

layers plus sne.

The cementum annulations on the canine teeth of the
mafes were consistently easier to interpret than those
from the incisors.e In most cases the cementum layers
showed a great degree of separation. However, in the
females, the incisor was more readily interpreteds since
the canine teeth are greatly reduced in size. In aili
teethy the best area for counting the annuli was the
portion of the tooth termed the "boss™ by Low and Cowan

(1963)s or where fluting is present.,

Within each tight zones several darker (lamelilae can
be distinguished (see Figure 55), These are simiiar to
those described by Low and Cowen (1963:469), who

hypothesized that they ",.may result from fluctuations in



385

food intake or from deep-seated rhythmic growth®,
Howevers, the significance of these tamellae is still
unknown. The difference between these secondary tlayers,
and the normal annuli is readily apparents and they shoutd

not complicate age determination.

The results of the present studys and the others
citeds indicate that the annuli of teeth from animals in
temperate environments are highly correlated with age, and
can be wused as an accurate means of age determination.
This technique should be generally applicable to guanacos
throughout their temperate range in southern Patagonia.
However, the method needs to be reevatuated for the
guanacos that are found in the northern arid and
non-temperate regionss to establish the pattern of
annuiations appropriate to the regional environmental

circumstance (Low and Cowan 1963).

Tooth Wear

With the development of tooth annulation aging
techniquess the determination of age on the basis of tooth
wear has been virtually discontinued. Objections to the
system based on tooth wear are that: 1, It is often

difficult to age the older age classes due to excessive
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wear; 2? Teeth are worn down at different rates from
areas to area, depending on the amount of abrasive
material in the diet; 3. The key characteristics used are
often subjective; 4. The results are often inconsistent
with results from annuli methods (Ransom 1966s Keiss 1969,

Wolfe 1969y and others).

While these objections are no doubt vatids there are
circumstances when the tooth annuli technique is neither
practical nor appropriate. Furthermores not alt
investigations of tooth annuli have been successful,
Robinette et ale (1977) list six studies of cervid annulli
aging that had success rates varying from only 50% to 75%

when compared to known age animalse.

In the folliowing section, the mandibular dentition
wear patterns are described and illustrateds The key
characteristics that distinguish the age <classes are
noted. The descriptions are based on the average total
amount of wear on the tooth rows and some individual
variations are to be expectede An individual specimen
should not be aged on a single characteristics but rather

on the overal |l wear.
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Descriptions of the age classes over 11.5 years are
not givensy since the results show that these year classes
can not be reliably separated on the basis of wear. Each
of the age classes from 3 to 10 years of age is given,
accompanied by a photograph of a representative specimen
of that age class. Figure 56 shows this photographic
series. Most descriptions are based on winter
mortalitiesy that is animals that are 3.5) 4.5 5.5s years

oldy, etce

Wear Class Descriptions

THREE AND A HALF YEARS., The primary condition that
distinguished this age class was the condition of the
third motar and the fourth premolar., The fourth opremolar
had now conpleted development, but showed only siight

wear. The enamel was not worn through on most specimens.

The posterior cusp of the third molar still showed no
wear. The middlie cusp had a narrow {line of dentine
visible wher2 the enamel had been worn throughs, on the
lingual «crest. Howevers this dentine (ine was still

narrower than the enamel {layer.
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The ages shown are

Tooth wear by age in guanacos.

Figure 56.

in years.




389

Figure 56. Continued
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"Figure 56. Continued.
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On the anterior tingual cusp of the M2 the dentine
width was -equal to that of the enamel, but overall wear
was less than that on the posterior cusps. On both cusps
of M1l the dentine was slightly wider than the enamet. On
both M1 and M2 the lingual crests were still high and

pointedsy and the infundibulum was sti{l a broad deep "yw,

FOUR AND A HALF YEARS. The primary character for
this class was the condition of the PM4, and the posterior
cusp of M3, The wear on PM4 was now moderates wWith the

occlusal surface measuring 3 to 5 mm in width,

The M3 was now completely developeds with stight vear
on the posterior cusp. The occlusal surface of this cusp
measured an average of 1.5 mm in width, On the second
cusp on the lingual sides the dentine width was still less
than that of the enamels, but on the buccal side the two

were equal in width.

Oniy a thinsy shatlow crescent groove remained of the
infundibulum on Ml. The wear was moderate on both M1l and
M2y with the cusps still very crested. The enamel was
still compiete in the area of the constriction between the

cusps on all molars.
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FIVE AND A HALF YEARS. This age class was
distinguished by the <condition of the first molar. The
wear was moderates with the infundibufum reduced ¢to a
grooves approximately one-half its former fengthe. The
dentine on the anterior lingual cusp was twe to three
times the width of the enamel, The enamel was
discontinuous in the constriction between the cuspsy with

dentine showing where the enamel! had been worn away.

On the second molar the dentine was wider than the
enamel on all cuspsy and the infundibulum was greatly
reduced. The infundibulum of the M3 was no longer
continuous from the anterior to the posterior cusp. It
was now a crescent shaped groove on both cusps. The width
of the dentine was equal to that of the enamel on the

posterior cuspse.

The infundibutum of the PM4 was worn to an oval

groovesy and the general wear was moderate.

SIX AND A HALF YEARS. The primary characteristics of
this class were the condition of the M1 and the condition
of the enamel separating the cusps on all molars. The
first molar Was now almost worn flats, with the
infundibulum remaining as just a slight 1Iine on both

cuspss less than half of its original length (now just
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three to five mm in length). The occlusal surface was
deeply scooped in shapes and the tinguatl crest was worn

away on the anterior cuspe.

The dentine between the cusps of the first motar was
equal to the width of the enamel. On the second molar,
the enamel was discontinuous between the cuspsy with the
dentine just a narrow lines On the third motar the enamel

was still continuousy and only moderate wear showed on M3,

SEVEN AND A HALF YEARS. The key characteristic of
this age class was the wear on the first and second
molarse. The Ml was worn flat with no difference between
the tlingual and buccal crests, except for a slight slope
from the lingual to buccal side, The infundibutum
remained as just a line on the anterior cusp. This age
class had ths maximum possible wear with the infundibulum

still remaining on the anterior cuspe.

On the M3 the enamel betwen the cusps was now
discontinuous. The dentine was wider than the enamel on

the posterior cuspse

The infundibulum of the PM4 was worn aways and
remained as a small circle about 1.5 mm in diameters with

no depth,
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EXGHT AND A HALF YEARS. In this age class the key
characteristic was the condition of the first molar. The
M1 was now worn heavily, with the infundibulum completely
worn from the anterior cusps and reduced to one-third its

former length on the posterior cusp.

The cusps of the M2 and M3 were still well defined.
On M3 the dentine was two to three times the width of the

enamel on the posterior cuspy and general wear was heavy,

NINE AND A HALF YEARS. The key <characteristic of
this age class was the condition of the first molar. Both
cusps were now worn completely flaty with no iInfundibull
remainings except for an occasional stight spot on the
posterior cuspe The height of the tooth was 4,0 mm from

the gumliine on the buccal side.

The infundibulum was completely worn from the PM4,

On M2 and M3 the infundibull were still comptietes
crescent grooves with slight depthsy and discontinuous
between the cuspss The posterior cusp of the M3 was

scooped outs and had a width of six to eight mm.
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TEN AND A HALF YEARS. The primary characteristic of
this age <class was the condition of the first and second
molars. The M1l was worn to the gumline and the occlusal
surface was narrower than at eight or nine years. On
several specimens only dentine remainedy, as all enamel had

beenh worn away.

The second molar had the infundibuium reduced to

one—=forth its original lengthy but was stitl present.

Comparison of Annuli and Wear Methods

The comparison of ages based on tooth cementum
annulations and tooth wear patterns showed that the wear
characteristics were moderately accurate over restricted
age <classes. For this comparisony the age of each
specimen as determined by annuli was assumed to be
corrects and any deviations were considered to be improper

aging by wear criteria.

When all age classes are includeds the tooth wear
aging method correctly classified 35.5% of all guanacos;
69.17%7 were within one year of the annuli age; and 82.37%
were within two yearse. Howevers only one individual of 20

in the ages over 11 years was correctly ageds and in
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general In mature individuals, the wear ages were a gross
underestimation of annuli ages. Hence the conclusions of
Ransom (1965) and others were correct for the older age
classes; wear in the very old age classes is irregular or

too excessive for proper aging by wear,

When the same comparison is restricted to the two to
ten year old age classess which comprised 86% of the total
samples the results improveds 46.2% were aged correctly;
79.8% were within one year of the annuli age; and 93,3%
were within two years. furthermores while a large part of
the sample was misageds, the errors tended to be
compensating» since the comparison of the ages as
determined by annull and weary by means of a paired
"t-test™ failed to show any significant difference between
the means (P=0.05, with a sample size of 161). The mean
ages based on the annuli method was 5.82s and for the wear
estimates it was 6.02. There appears to be a siight but
non-significant bias for over estimation of the age by the

wear method in these younger iIndividuals.

Unfortunatelys the second sample of specimens aged by
the annuli method were sectioned and interpreted after the
wear estimates were mades and the skulls were no longer

avallable for reexamination. It is possible that further
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study of the misaged skulls could have improved the

accuracy of the system,

An attempt was made to improve on the wear aging
system through the use of the molar wear ratios system of
Robinette et ajl. (1957). Howevers the overlap {in age
class ratios was as much as five to six years, thus making
the technique useless for this speciess The main reason
for the overlap could have been due to the lack of a
distinct and regular gumtine from which to measure the

height of the tooth.,

The accuracy of the guanaco tooth wear method s
comparable to that of other studies using both tooth wear
and annuli. Keiss (1969) found that trained biologists
correctly aged 51.9% of elk on the basis of wear with the
use of a "jaw-board"., Using annulationss hoth Low (1967)
and Robinette ef al. (1977) were able to correctly age red
deer and mule deer respectively only about 50% of the

time.
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CONCLUSIONS

The estimation of the age of mammals by tooth
annulations has largely supplanted the other methods due
to the greater accuracy of thc method. While the annuli
method appears to be generally more reliables it is
limited in application since it is not a simple fijeld
methods and the costs are often prohibitives Hence in
certain circumstancess especially in developing countries,

other techniques may be more appropriate.

Guanacos that have not attained a full complement of
fully erupted permanent teeth can be aged with
considerable accuracy on the basis of tooth replacement,
Most animals can be aged to the nearest month of age.
Determination of age in guanacos with futl dentition s
most accurately accomplished through an analysis of
cementum annuli in the first incisor or canine tooth,
Determination of age on the basis of tooth wear is subject
to definite limitations. Guanacos over the age of ten
years could not be accurately aged on the basis of wear in
the present study, and must be aged by aihuli. However,
guanacos in the three to ten year~old group were aged
correctly 46.2% of the times and errors tended to be

compensatings. The resulting age distributions from annulli
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and wear based ages were not statistically significant
(Chi-square goodness-of-fit tests with P=0,05). It is
possible that with continued study and refinement of the
wear class descriptionss that increased accuracy could be

‘achieved from the wear method.

Before one attempts a detaited breakdown of the ages
of wungulates beyond the age of three yearss they should
make reasonably sure that the increased effort is
Justified. In many instancesy, especially managerial
situationss there is little reason to attempt ¢to age
ungulates by annulis except in the older age classess or
animals of special interests such as females collected for
age-specific reproductive studies. Tooth erruption and
wear, when properly undertaken, can often yield reasonably

acceptabile results.,

Before the results from this study are used
throughout the range of the guanacos local studies need to
be undertaken to validate their wuse in that focation,
This 1Is wespecially true in the northerns, tess temperate
parts of the guanaco ranges where annuli in the cementum
may not be related to an annual cycle of seasons., Wear
patterns are particularly vulnerablie to change from region

to region due to changes in the amount of abrasive
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material in the diets Tooth replacement Is less varlables

but is also a function of diet.



APPENDIX B.

Calculation of the Competition Coefficients

The general definition of a competition coefficient
is a "number giving the degree to which an individuat of
one species affects through competition the growth or
equilibrium level of a second species? population,
relative to the effect of an individual of the second
species™ (Schoener 1974d:332). In this study the
competition coefficients are based on the resource
utilization functions for forage and habitaty given in
Table 31 and Figure 44y respectively. A one-dimentional
competition coefficient 1is calculated for each resource,
and since the resources are interdependent they are
combined into a "multidimentionali™ coefficient by a

weighted linear combination of the form:?
ALI= ¥ ( A”(F)+-AU(HH (21)

where the A is the coefficients and F and H are the forage

and habitat resources.
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The forage resource data were used to calculate the
competition coefficient by the method of Schoener (1974d),

given by the formula:

= (d /(g /) (By)
A = (T./T.) (22)
ij i 2
= (dg /f)%(by)

“where Tj/Ti js the ratio of the number of items
consumad by an individual of species J to that
consumed Dby an individual of species i measured over
an interval of time that includes ali the regular
fluctuations in consumption for both species; fk is
the standing frequency of the resource k in the
environnent; b-k is the net calories gained by an
_individual of species i for an item of resource k3
and the summations are taken over all resources eaten
by at least one of the competing species"™ (Schoener
1974d2339),

In this studys, the assumption is made that the
caloric values of the different forage items are identical
for both species of consumerss, and they cancel out of the
equation, Since al! parts of the grass plants are eaten
including the stemss and only the new growth of the browse
is consumeds, the nutritional values Ffor the different
forage classes should not be greatly different (Stoddart
et ale. 1975), Alsos there is little evidence to indicate
that the sheep and guanacos should vary in their abiftity

to digest a given forage type (Stoddart et al. 1975).
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To use this formula for calculating the competition
coefficientss, one must assume tht either the consumers are
at equilibrium tevelss or that the resources are close to
equilibrium for given values of the consumers. This
latter assunption is generally true, especially for
unguiates and their resourcess since the resources respond
quickly to changes relative to the consumer (Schoener,

pere coOmme).,

The seasonal availabilities of the forage classes
used in the calculations of the seasonal coefficlients are

given in Table 38, These were calculated on the basis of

Table 38. Relative seasonal availabilities of the different forage
classes within the study area, Isla Grande, Chile.

Month Grass Grass-likes Browse Forbs
February 48.9 16.4 32.5 2.3
April 47.8 17.5 32.6 2.1
June 42.5 20.1 37.6 0.8
September 10.0 12.0 77.0 1.0
October 27.2 15.2 56.4 1.2

December Ly 4 15.0 37.6 3.0
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the estimated initial and final frequencies in the
environment, and the seasonal consumption patterns from

the food habits data.

The habitat competition coefflicients were calculated

by the method of MacArthur and Levins (1967)s as follows:

PP
= =i (23)

A, .
ij E Pihz

where Pih is the relative use of the habitat type h by

species i The summations are taken over the range of
habitat types occupied by at least one of the competing

species,



APPENDIX C.

Key to Symbols

The following are the symbols and meanings for

Schoenert's (1974c) modef of competition:

Ei

Oi

-Maintenance and replacement cost of an individual of
Competitor i.

-Rate of net energy IiInput into population of
Competitor i of resources exclusive to that comsumer.,

=-Rate of energy input into the system usable by both
Competitorsy in units of energy for Competitor i,

-Number of individuals in the population.

-Number of individuals resulting from the conversion
of one unit of net energy input for Competitor i.

-Liketihood of an individual of Competitor 2 getting
an item relative to an Iindividual of Competitor 1.
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Figure 57. Map of the study area.
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