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ABSTRACT
Socioecology of the Vicuna
by
William L. Franklin, Doctor of Philosophy

Utah State University, 1976

Major Professor: Dr. Allen W. Stokes
Department: Wildlife Science

The social organization of the vicuna (Vicugna vicugna) and its

relationship to the environment were studied at the Pampa Galeras
National Vicuna Reserve in southern Peru from May 1968 to April 1971.
Behavioral data were collected on groups within a grid of 12.4 km2
during 3,800 hours of observation. The vicuna's alpine grassland
environment was characterized by greatly fluctuating and freezing
temperatures, light precipitation, high evaporation, wind, short
growing seasons, shallow and infertile soils and low plant production.
Vicuna habitat quality was dependent upon high producing, preferred
vegetation tfpes and close access to permanent water and a sleeping
area. Only one-third of the Reserve was good habitat and less than 20
percent of the Cupitay Valley study area was preferred by feeding
vicuna. Territorial behavior has evolved in this environment where

food resources are generally in short supply, annually renewed on
locally abunéant patchy sites, but predictable in time and space and
defendable. Nearly 90 ercent of females 2 years and older were pregnant
at the beginning of the birth season and 90 percent of all births

occurred between 22 February and 7 April. Ten to 30 percent of the




xvii

crias (juveniles) died during their first 4 months. Five social units
were distinguished, with the population primarily composed of Male
Groups (MGs) and family groups: Permanent Territorial Family Groups
(PTFGs) occupied good habitat and Marginal Territorial Family Groups
(MIFGs) secondary habitat. Most PTFGs and MIFGs each occupied a
year-round feeding territory in the day and a separate sleeping territory
at night. Average group size for PTFGs was six (one male, three females
and two crias) and they composed about 55 percent of the population.
MIFGs were smaller (five), composed 20 percent of the population, had
lower reproductive success and spent less time in their feeding
territories than PTFGs. Non-territorial MGs averaged 20 animals and
were chased out of zones occupied by PTFGs and MIFGs. As the number of
groups increased, the frequency and intensity of territorial defemnse by
males also increased. Territories provided a place free from
intraspecific interference where females could feed, sleep, mate, give
birth and raise their young. Feeding territories averaged 18 ha and
sleeping territories 3 ha in size. A small cluster of sleeping
territories on the flattened ridge formed a cummunal sleeping area for
groups using the adjacent valleys. MGs and MTFGs made greater use of
ridges and the non-preferred bunch grass communities, because they were
excluded from preferred areas occupied by PTFGs. Group size was
significantly (P<.05) correlated with territory size and total foragg
production (P<.0l1) within feeding territories. The territorial male
had a major role in the social organization of a population, since he
established the location, borders and size of feeding territories. He

also regulated the size of his family group by expelling the lowest



xviii

ranking and youngest members before they became 1 year old (male and
female.criag), and by accepting or rejecting outsiders attempting to
join. Marginal habitat within Cupitay Valley and vacant habitat in
surrounding areas became filled by dispersing animals as the total

population in the Reserve increased 36 percent during the study.

@190 pages)



INTRODUCTION

The vicuna (Vicugna vicugna) is a wild member of the South

American camel family. The home environment of the vicuna is the
harsh equatorial alpine short grassland, or puna. Low productivity,
cold temperatures and wind characterize the treeless pampas where
snow rarely falls despite the 4,000 to 4,800 m elevation.

Petrucci in 1906 (cited in Crook, 1970a) first developed the
concept of social ethology when he concluded that the spatial
dispersion of animals, group composition, group size and the relations
between individuals were directly responsive to the environment;
environmental features acting upon an animal's social system included
food resources, predation and requirements for reproduction.
Contemporary social ethologists focus upon three interdependent
subjects (Crook, 1970a): socioecology, sociodemography and social
' systems research. This paper touches upon all three but is primarily
concerned with the socioecology of the vicuna: the study of the
vicuna's social organization and social behavior in relationship
to the environment. Social organizgtion was defined as how animals
in a population are organized in space and time with respect to each
other.

As a rare and endangered species with high economic potential
because of its valuable wool, the vicuna has received increasing
international attention since the late 1960s (Grimwood, 1969; Bate,

1968; Flowers, 1968; Hofmann, 1971; Dourojeanni, 1971; Baz&n and



Ponce del Prado, 1972; Franklin, 1973a and 1973b; Winchester, 1975).
Yet little is known about the vicuna's biology. Koford's (1957)
excellent work from the early 1950s was the only systematic study on
the ecology and behavior of the wild vicuna. His findings included
qualitative observations on territorial defense, relations between
and within family bands and possible functions of the vicuna
territory. Much about the vicuna's biology remained unanswered.

The present investigation incorporated some of these unknowns into
the objectives.

The main purpose of this research was to study the social
organization of the vicuna and its relationship to the environment.
Specific objectives were to examine:

1. Environmental factors that could affect vicuna social
organization, including the distribution, abundance, composition
and production of vegetation types.

2. How males establish and maintain their territories and
how this might affect use of habitat resources.

3. The relationship between resources within a territory
and size of the territory and family unit.

4, If there might be any effects of social organization

upon regulation of population size.



METHODS

Behavioral Observations

A grid of 12.4 km2 was laid out in Cupitay Valley on the northern.
edge of Pampa Galeras Reserve (Figure 1). The grid covered a 4.2 km
length of the valley floor, the north and south-facing slopes and
the southern ridge. Rock cairns 1 m in height were spaced 200 m
apart in lines at right angles to a straight road.

Four observation huts were constructed on high vantage points
within the gridded study area (Figure 1). By means of the cairnms,
one could estimate and record locations within the grid to the
nearest 20 m. Zone I (4.26 ka) included the area that could be
readily observed from one observation hut and Zone II (2.90 kmz)
from a second observation hut. A small area (0.38 km2) that could
be observed from both huts 1is shown in Figure 1. Once every hour
the area was scanned from left to right, and the following information
about each vicuna group present was recorded on a map of the study
area: total number of animals, composition of group, iocation, number
of adults and crias (young less than 1 year old) feeding and the
vegetation type being consumed. Ten to 20 groups were typically under
observation at the same time. Details of intergroup aggressive
encounters (territorial defense) were recorded throughout the hour.

As groups left the observation zone and moved onto the‘adjacent ridges
in the afternoon, they were no longer visible. Recordings of the
location, numbers and types of domestic livestock in the observation

zone were also made hourly. Disturbed movements of vicuna groups due
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to activities of people, livestock and dogs were recorded. By the
end of a day a group's continuous route of movement was obtained
through these hourly samples. Qualitative notes were taken on unusual
events such as changes in group composition, fighting, births, matings
and predation. |

The above observations were made for 27 months from February
1969 to April 1971. Observations were started at sunrise. Two
observers recorded intergroup information until noon, at which time
a third observer replaced them both and remained until dark. If it
was not possible to observe the entire day, observations were made
only in the morning.

A total of 3,623 hours of observations were made from March
1969 to April 1971 (2,209 hours in the morning and 1,414 hours
in the afternoon), of which 56 percent were in Zone I and 28 percent
in Zone II. Hours observed per month varied from 36 to 227 and
averaged 134. The seasons were divided into 3-month periods,
beginning with fall on 1 May. Year One was from 1 May 1969 to 30
April 1970 and Year Two, 1 May 1970 to 30 April 1971.

Complete counts were made of vicuna within the Pampa Galeras
National Vicuna Reserve in August 1968 and during a return visit
in December 1971. Each census was conducted over a 3-day period
from midmorning to late afternoon with the help of 2 or 3 assistants.
These counts included the study area south of the Nazca-Puquio road
and not those parts of Zones I and II north of the road. Monthly

and seasonal population densities within the study area were based



upon the mean number of animals observed per hourly scan divided by
the surface area of the zone under observation.

Vicuna Units (V.U.) were used to equate animals of differing
sizes when calculating habitat utilization, feeding use and
preference for vegetation types. Adults and yearlings were each
considered full Vicuna Units. Crias were rated by age: <3 months
old (March, April, May) = 0.2 V.U.; >3 but <6 months (June, July,
August) = 0.4 V.U.; >6 but <9 months (September, October, November) =
0.6 V.U.; >9 but <12 months (December, January, February) = 0.8 V.U.

Preference indices were computed for vicuna feeding on the
different vegetation types. To do this the percentage of total
vicuna observed feeding on a vegetation type was divided by the
percentage of the total hectares that type represented in the study
area and multiplied by 100. A preference index of more than 100
indicated vicuna spent relatively more time feeding on a particular
vegetation type than would be expected from that type's availability.

An intensive study of family group 211 was made from August 1970
to January 1971 totaling 142 hours. Nearly all observations were
made between 0600 and 1200 hours. Detailed data were taken on all
defecations and urinations, the male's behavior during intergroﬁp
encountérs and aggressioh within the group. Samples were made of
aggressive encounters 20 minutes each hour for a total of 45 hours.

During 1970 and 1971 six crias were hand captured, ear tagged
and released. Crias could be run down on foot only within the first
15 minutes after birth. For those groups without tagged animals or

without individuals recognized by natural markings or defects,



identification was based upon group composition and consistent use
of the same site.

The sex of a vicuna is difficult to determine in the field
because males and females lack obvious sexual dimorphism. An
individual could be sexed when it raised its tail during defecation,
revealing the absence or presence of testes. Both sexes urinated
posteriorly with the hindlegs parted and the hindquarters dropped
slightly, but the male's urine was at the level of the hocks, while
the female's urine originated at the level of the tail. The small
dark and hairless penis on males and the udder on lactating females
were occasionally visible too. Free-ranging adult males and females
could also be distinguished by behavioral differences. Adult females
were nearly always with a family group; if not, solo females were
usually not aggressive when attempting to enter a family group, showed
no interest in other adult females, were treated less aggressively by
territorial males and did not defend a site as did males. Yearlings
were distinguished by their smaller bodies, wool of less uniform

length and more shaggy in appéarance and shorter muzzles than adults.

Environmental Measurements

Fifteen vegetation types were identified in the study area and
were analyzed by the point frame method as described by NAS-NRC (1962).
The point frame was 110 cm long with the 10 pins spéced 10 cm apart.
A homogeneous stand of each vegetation type was chosen by its
characteristics of visual uniformity. A line transect was selected

through the type and a minimum of 10 stops (100 pin drops) were made



per line. During the last month of the 1970 growing season (April),
13 vegetation types were analyzed with 16,100 pin-drops.

A vegetation type map of 431 ha with a scale of 20 m to 1 cm
was made by ground reconnaissance from atop high peaks and ridges
using binoculars and spotting scope. The vegetation types within
each 4 ha section were drawn in proportion to their size and
distribution.

Plant production of each important vegetation type was estimated
by clipping plots where ungulate grazing had been excluded by wire
cage exclosures during the 1970 and 1971 growing seasons. The term
production refers to the amount of dry plant material produced per
unit surface area per year. Each year cages were put out in January
before the growing season began. Cages were placed on sites judged
to be quantitatively and qualitatively representative of the type.

At the end of each year's growing season, the forage within 1 m2 ploté
was clipped to ground level from inside 1.2 m2 cages, oven dried and
weighed. For shrubs and tall-coarse grasses only the current year's
growth was clipped.

Total production within territories was estimated by multiplying
the total surface area of each vegetation type within the territory
by the mean production for that type. Plant species not used by
vicunas, namely the large unpalatable bunch grasses, were not included
in these estimates of total available food resources within a
territory. In August 1970, 39 unprotected (grazed) 1 m2 plots were
clipped to estimate forage utilization. Each was paired with a

protected plot within 10 m. Both plots had visually the same plant
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composition. A total of 132 soil pits were dug in 11 different
vegetation types to measure the mean depth of soil horizons A1 and A2.
Weather ‘data were obtained from the climatological station at
the Pampa Galeras headquarters 2.5 km west of the study area.
Standardized weather information was taken daily at 0700, 1300 and
1900 hours. Climatological information was averaged by 2-week periods
beginning with August for each annual cycle. Thermometers in standard
weather houses placed 6n the ground measured maximum and minimum

temperatures in the study area.



10

RESULTS

Description of the Study Area

This investigation was made at the Pampa Galeras National
Vicuna Reserve in southern Peru's department of Ayacucho (14°40'S,
74°25'W), 450 km south of Lima. Established in 1966 by the Ministry
of Agriculture's Directory of Forestry and Wildlife, Pampa Galeras
was the world's first Yicuna reserve. The Reserve has greatly
contributed towards saving the vicuna from near extinction. The field
research was conducted from May 1968 to April 1971.

The 6,500 ha Pampa Galeras Reserve lies on the western edge of
the Andean altiplano plateau at 4,000 to 4,300 m elevation. This
treeless alpine grassland is characterized by broad open valleys
separated by flattened ridges (Figures 2a and 2b). Precipitation
occurs mainly in the summer. Nightly temperatures almost always
are-below freezing. Plant formations are primarily Subalpine Scrub
Desert and Humid Alpine Tundra, with some areas of Subalpine Humid
Puna and Very Humid Alpine Tundra (Tosi, 1960).

A knowledge of the vicuna's environment is necessary to
understand its behavior and social organization. Climate,
distribution -of water, plant communities and.forage production
might all affect the spacing of vicuna social groups, habitat

use and preference, and the distribution and size of territories.



Figure 2a.

Figure 2b.

Pampa Galeras National Vicuna Reserve, Peru.

Cupitay Valley study area.
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Climate

Two general climatological periods occur in this part of the
Andes: a mildly warm, rainy growing period from December through
April and a cold, dry period from May through November. The fall
(May, June and July) is characterized by freezing nights, cool days,
no rain and drying'vegetation; the winter (August, September and
October) by freezing nights, cool days, little rain and dry and
dormant vegetation; the spring (November, December and January) by a
decrease in the number of freezing nights, cool days, an increase in
precipitation and some plant growth; and the summer (February, March.
and April) by cold nights, cool to mild days, almost daily
precipitation and plant growth.

The mean annual precipitation in Pampa Galeras for the 5 years
1967 to 1971 was 487 mm and varied from 281 mm to 742 mm. During
these years, 90 percent of the annual precipitation came during
spring and summer and 81 percent from December through March. The
mornings in the rainy seaéon were clear, warm and rainless until
noon, when storm clouds came from the east. Precipitation was usually
in the form of hail or rain but rarely snow.

Mean annual temperatures for 1968 through 1971 were 4.6°C,
5.0°C, 5.3°C and 5.5°C. From 1967 to 1971 mean minimum and mean
maximum temperatures for fall were -5.1°C and 12.2°C; for winter,
-4.6°C and 13.4°C; for spring, -1.3°C and 12.9°C; and for summer,

0.5°C and 12.4°C. The nightly average minimum temperature was below



13

freezing year-round except during a few weeks in late spring and
summer (Figure 3).

Cloud cover from late spring and summer storms had a profound
effect upon the nighttime minimil temperatures, which in turn
appeared to affect the length of the growing season and, ultimately,
plant production. Nocturnal cloud cover maintained night temperatures
above freezing. For example, in the summer of 1967, clouds covered
75 to 100 percent of the sky 75 percent of the time; the mean minimal
temperature for this period was 1.7°C. In contrast, during the
fall of 1967 when daily maximum temperatures averaged the same as
summer, the cloud cover was only 0O to 25 percent 71 percent of the time
and the mean minimum temperature was -4.7°C (Figure 4). ‘Lapses of
cloud cover in midsummer caused nighttime minima to drop below
freezing.

The number of frost-free weeks when plant growth occurred varied
from 8 to 17, averaging 13 from 1967 through 1971 and appeared to
have a close relationship with plant production. In 1970 the growing
season was 17 weeks long. 1In 1971 it decreased to only 8 weeks and
total production declined 40 percent.

The growth season at this high altitude was not necessarily "a
period when sufficient moisture permitted the growth of the existing
natural vegetation" (ONERN, 1971 ), but a period when sufficient
nighttime cloud cover maintained the nightly minima above freezing.

Thus, total annual precipitation reflected, but did not fully

control, the length ‘of the growing season.. Total precipitation in
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1971 was 70 mm greater than 1970, yet the 1971 growing season was
less than half as long as that of 1970. An unusually "wet" dry
season occurred in 1971 when much of the annual moisture fell in
fall, winter and early spring; however, cloud cover from these
storms was not sufficient to bring the nightly minima above freezing
(Figure 3).

Differences in minimum and maximum temperatures within the
Cupitay Valley study area were measured for the ridge (sleeping area),
slope, flat and bottomland during August 1970. Daytime mean maxima
ranged from 17.1°C to 19.0°C; the ridge was the coolest of all
locations. Nightly mean minima ranged from -3.3°C to -11.0°C.
Temperatures on the bottomland averaged nearly 7°C colder than on the
ridge sleeping area, although the ridge was only 18 to 20 m higher

than the bottomland in elevation.

Topography and distribution of water

Elevation in the Cupitay Valley study area ranged from 4,059 m
on the level bottomland at the center of the valley to 4,077 m on
the ridge. The area between the bottomland and tﬁe road was referred
to as the flat, while the area between the ridge and flat was called
the slope (Figure 5).

Figure 5 gives the locations of surface water in the bottomland
associated with the Cupitay River and of springs on the flat and slope
that contained water during the first half of the dry season. By
late winter, most springs had either dried up or were insufficient to

satisfy the needs of vicuna.
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Figure 5. Distribution of surface water during June and July, 1970, Cupitay Valley study area.

LT



18

Vegetation types

Information on plant species composition, topsoil depth and
production of vegetation types (VT) is given in Table 1. Points of
special interest on selected VIs for helping understand the socio-
ecology of the vicuna are presented below. The types are given in
order of abundance.

VI-2 was the most common plant community. It was the dominant
type on the flats and lower slopes, but was also common on the
ridges. VT-2 was easily recognized by its abundance of surface rocks
of igneous origin and by the sparsity of plants (Figure 6). Plant
production per hectare was low and feeding vicuna showed no preference
for this type.

VI-11 was dominated by Festuca dolichophylla, a tall-coarse and

unpalatable bunch grass (Figure 7). This type was common on the
upper dry slopes occurring as large units throughout the Reserve.
VI-11 ranked second highest in pro&uction per hectare in 1970, but was
the least preferred of all vegetation types (Figure 8). Nearly 75

percent of the production was from Festuca dolichophylla in 1970.

VI-4 occurred on the flats as irregularly shaped patches or on
the slopes as linear downhill‘lines. This type was dominated by
another large-coarse and unpalatable bunch grass, Stipa ichu (Figure
9). Sixty percent of the production in VT-4 was from Stipa ichu in
1970. Vicunas showed no feeding preference for VI-4. Vicunas fed
on the small understory plants in VT-4 and VT-11 and not the large~

coarse bunch grasses. In fact, vicunas rarely fed on bunch grasses



Table 1. Characteristics of vegetation types found in Cupitay Valley study area, Pampa Galeras
National Vicuna Reserve, Peru. Total surface area of vegetation types equals 669.3 ha.
List of species includes those that contributed greater than 2 percent relative cover.
VEGETATION TYPES €
2 n 4 3 1 13 12 6 7 10 14 8 15
COMMON NAME Roquefio Ichu Peccoy Chiula Quisna Taxona Quisna Mojadal Pampa Piedras Chiula Pampa Pampa
Sin Yerde De La General Verde Verde
Influencia Loma Claro Obscuro
RELATIVE SURFACE AREA 48.1% 15.5% 13.5% 6.4% 5.3% 2.5% 2.1% 1.7% 1.4% 1.3% 0.6% 0.5% 0.22
TOPSOIL DEPTH (CM) 16.6 16.0 18.6 22.8 23.8 19.5 20.5 25.3 - 11.5 24.0 24.3 -
(N= nuiber of soil pits) (43) (n) (16) (12) (32) (4) (2) (4) - (2) (3) (3) -
PRODUCTION (KG/HA)
1970 2 490 1390 1250 920 1550 480 410 660 580 530 770 500 960
(N=  number of 1m® plots)  (13) (2) (4) (8) (12) (5) (2) (4) (1) (1) (2) (2) ()
197 2 320 960 800 310 620 230 320 - 490 280 200 -
(N=  number of Im® plots) (11) (3) (2) (8) (10) (4) (2) - (1) (2) (2) -
ABSOLUTE PERCENT COVER
Plants 59.4% 65.0% 81.7% 83.6% 92.3% 79.6% 92.0% 75.7% 99.0% 35.0% 85.0% 86.2% 97.0%
Bare Ground 18.4° 16.9 10.4 7.3 5.5 12.3 8.0 24.3 1.0 21.0 5.7 13.8 3.0
Surface Rocks 22.2 18.1 7.9 9.1 2.2 8.1 0.0 0.0 0.0 44.0 9.3 0.0 0.0
(N= #of point-frame pins). 4100 1000 2100 2100 3600 700 100 300 100 200 300 400 100
RELATIVE PERCENT PLANT COVER
Tall And Unplatable
Coarse Grasses
Festuca dolichophylla 28.3
Stipa ichu 3.3 25.7
Short And Palatable
Grasses And Grassiikes
Perennials
Festuca rigesens . 4.8 19.4 7.5 3.4 14.8
Fas acqulnluma 6.8
Poa "aaleras™ 13.6 8.8 2.6 2.9 4.1 12.0 5.3 4.4
0a sp. & 2.7
Calaragrostis vicunarum s 2.8 . 3.7 5.2 19.1 8.2 13.7 4.4 3.7 l;;
A1arAgrostis EEEE h 1la . .
Calaraarostis :amesoni‘ 8.8 8.7
Calaraarostis trichophylla 3.5
Muhlenbergia 11 ulargs 4.1 2.7
Stipa brachyphylla 8.9
ipa Jdepauperata 8.2 10.0 3.8 5.5 2.1 5.9 6.0
Stipa sp. 6‘ id 15.0 4
ciahcne pulvinata . .
Granineae sp. 5.5

6T



Table 1. Continued.

VEGETATION TYPES

2 n 4 3 1 13 12 6 7 10 14 8 15

Annuals
Dissanthelium minimum

TuhTenbergia peruviana 28.6 21.
Typeraceae sp. | 6.4 3.
Fm;bs f \ 2.3 8.9
soetes af. hiero . .

Malvastrum sp. | .

fototriche sp. 1
Aremaria tetragyna
Alchenilla pinnata
Trifolium amabile

Corpositae sp. | 3.2
Compositae sp. 2 3.2

Hypochoeris taraxacoides 2.1 A
kerneria pygmaea 4.3 . X 3.5 6.2 12.6
Eleocharis sp. 9.2
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Shrubs

Baccharis tricuneata

Senecio gﬁ_ nosus 3.6
Tetraglochin strictus
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Cushion Plants
Caryophyllaceae sp. | 48.1 30.2 18.5
Pvcnophvllum molles 3.5
F;cn:i"n!llun sp. 2 lg.g 2.5

sorella diapensiodes 3.6 o .5 4.3 -
Plantago rigi:a . . .
_D!sflcga muscoides 7.8

Miscellaneous
"Recto" sp. 3.7
“Vacio" sp. 2.9
"Bareo" sp. ' 8.7
Unknown sp. 11 3.6 2.1
Unknown sp. 16 4.7 3.6
Unknown sp. 17
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Figure 6. Vegetation type-2 dominated by surface rock, Muhlenbergia
peruviana and Poa galeras. This was the most common plant
community. :

Figure 7. Vegetation type-1l1l dominated by the unpalatable Festuca
dolichophylla.
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Figure 9. Vegetation type-4 was dominated by the large and unpalatable
Stipa ichu. This type occurred in large patches on the flat
and in downhill lines on the slope.

Figure 10. The highly preferred vegetation type-3 was dominated by
Festuca rigesens.
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or shrubs but were strictly grazers on small forbs and small
perennial grasses. The vicuna is well adapted for such close grazing
to the ground by being the only ungulate with open-rooted,
continuously growing incisors (Miller, 1924).

VT-3 was common in wet soil types on lower slopes and at the
base of slopes. The dominant plant was the stiff-culmed grass Festuca
rigesens (Figure 10). Irregularly shaped patches of VI-3 (green in
Figure 11) were surrounded by large areas of VI-2 (white in Figure 11)
or VI-11 (orange in Figure 11). VT-3 was the prevailing plant
community 50 km east of Pampa Galeras in the puna region of Yauriviri
where total precipitation was higher than Pampa Galeras. 1In
Yauriviri VI-3 was the result of total accumulative precipitation,
whereas in Pampa Galeras this type was a consequence of localized
topographical runoff. Production and feeding preference was high
and VI-3 received the second highest use of all types of feeding

vicunas. VI-14 was the same as VI-3 except Festuca rigesens was the

subdominant species in VI-14 (Table 1).
VI-1 was the fifth most common plant community. The dominant

perennial grass Calamagrostis vicunarum was a favorite of vicuna.

This type had the highest production of all types in 1970 and was
preferred by grazing vicuna. Topsoil was the third deepest of all
types (Table 1). VT-1 commonly occurred as circular to oblong
shaped "putting greens" on the flat where it was surrounded by VT-2
or VI-4 (Figure 12). VT-1 was less densely vegetated on the slopes
(Figure 13); these downhill lines had lower production and thicker

topsoil than the oblong patches on the bottomland and flat. Vicuna
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Figure 12..

Figure 13.
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An oblong patch of the preferred vegetation type-1
dominated by Calamagrostis vicunarum. This type was the
terminal seral stage of excrement influenced vegetation.

Long linear belt of vegetation type-l on a slope flanked
by vegetation type-2. The small dark circles in
vegetation type-1l are vicuna dung piles.
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dung piles were found near the top of each oblong patch and along the
downhill lines. VT-1 was interpreted as the terminal stage of the
vicuna excrement influenced vegetation seres.

VI-6 was a wet and boggy plant community found on the bottomland
or around perennial springs on slopes and flats (Figure 14). The
dominant plants were coarse in texture and grew close to the ground.
Production was intermediate compared to other types; topsoil was the
deepest of all vegetation types measured. Vicuna's use of this type
was low because of its small area, but preference was high.

VI-7 and VI-15 were composed of nearly the same plant species,

but in different proportions (Table 1). They occurred next to each
other in the bottomland and took on the appearance of a densely
vegetated carpet (Figure 15). Use was low, but vicuna showed a high
preference for both types. Alpacas (EEEE EEEEE) fed upon these types
heavily. Although not measured, topsoil depths were equivalent if not
deeper than VT-6.

VT-10 was profusely littered by surface rocks and occurred on
the flattened summit of ridges (see background in Figure 16).
Topsoil depth was the shallowest of all types, and productivity,
feeding use and preference compared to other types was low.

VT-8 occurred on the bottomland and resembled a less densely

vegetated form of VI-1 because of the presence of Calamgrostis

vicunarum. This community was not a type of excrement influenced
vegetation, but was primarily related to areas of lowland sediment
accumulation. Total use by feeding vicuna was low, but preference

was high. Alpacas and llamas (Lama glama) grazed heavily upon VT-8.
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Figure 14. The marshy vegetation type - 6, dominated by hard cushion
-plants.

Figure 15. Vegetation type-7, found on the bottomland. Grazing alpaca
pictured in the background.
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Figure 16. Circular ring of Stipa ichu around a dung pile, the

first successional stage of excrement influenced
vegetation.
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VIs-14, 8, 3 and 1 had the highest plant species diversity and were

all preferred by vicuna (Table 1 and Figure 8).

Topsoil depth and plant productivity

The mean combined depth of topsoil horizons A1 and A2 for all
vegetation types was 20.2 cm and ranged from 11.5 to 25.3 (Table 1).
The wetter vegetation types (VI-6) had the deepest topsoils and the
driest (VI-10) had the thinnest.

Plant production was estimated during two contrasting years;
the growing season was 17 weeks long in 1970 and 8 weeks in 1971.
Production averaged 786 kg/ha in 1970 and 474 kg/ha in 1971. Those
vegetation types with relatively deep and wet topsoils had the
greatest decrease in production (63 percent decrease for VIs 1, 3
and 14). Communities with relatively thin and dry topsoils were
least affected by the 1971 short growing season (30 percent decrease
for VIs 2, 4, 10 and 11), probably because the xeric plant species
comprising those types had shorter life cycles than plant species

associated with the wetter vegetation types. Topsoil depth was not

related to primary production.

Excrement influenced vegetation

A striking feature of the landscape in Pampa Galeras was the
alternating zones of vegetation on the valley slopes. Wide and
sparsely vegetated strips dominated by surface rocks alternated with
narrow downhill lines of densely vegetated strips dominated by VT-4
or VI-1. Numerous vicuna dung piles were scattered throughout the

densely vegetated lines, especially near the top.
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Vicuna defecated and urinated only on established and
traditionally used dung piles; The long-term deposition and
redistribution of nutrients and organic matter at specific spots has
caused an acceleration in soil development and plant succession
(Franklin, 1973c). The downhill washing of organic matter and
nutrients by precipitation and the consequent changes in soil and
plant succession, have caused these narrow densely vegetated belts.
Such excrement influenced vegetation occurred also on the flats
(Figure 12), but there the subsequent change in vegetation around
the‘dung piles was more oblong than linear. Excrement influenced
vegetation made up 18 percent of the total surface area in the
study area.

During fall, winter and early spring, there was little
precipitation; but with the sudden and voluminous summer rains,
accumulated excrement and nutrients were washed downhill. It was
then that the direct fertilizing effects of excrement and urine
could be seen downhill from the dung piles as darker-green plant
growth.

Excrement influenced vegetation was also observed in other
regions of the puna in southern Peru, where there have been vicuna
during the past decade. Inland from Pampa Galeras, the

frequency of excrement influenced vegetation with its striking
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contrast to the surrounding vegetation decreased. Precipitation and
soil fertility progressively increased eastward from Pampa Galeras,
presumably moderating the fertilizing effects of dung piles.
Excrement influenced vegetation is also common around the dung piles

of guanaco (Lama guanicoe), the other South American wild camelid

(Franklin, 1975a), as well as around corrals of the closely related

but domesticated llama and alpaca.

In Pampa Galeras there were three successional stages of
vegetation resulting from the vicuna's dung piling behavior:
(1) VI-4, which was common as iinear downhill lines throughout the
Pampa Galeras region (Figure 10), irregularly shaped patches on the
flats and occasionally as circular rings around dung piles on level
grbund (Figure 16); (2) a transitional phase between seral stages
one and three; and (3) the terminal stage VI-1. Topsoil depth
increased 2 cm with each succeeding stage.

The soil in Pampa Galeras was poor in nitrogen and organic matter.
The centralization of these deficient commodities by dung piling
behavior resulted in greater soil depth, higher plant species
diversity and increased forage production in excrement influenced

vegetation.

Effective vicuna habitat in

Pampa Galeras Reserve

Forty-three percent of the Pampa Galeras Reserve was unusable
or poor vicuna habitat. ' Unusable bare ground and rock outcroppings

accounted for 4 percent of the Reserve. Poor habitats consisted of
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VI-4, VI-11 and Tola, a shrub community not found in the study area
(Figure 17). Solid stands of VT-4 covered 6 percent and VT-11 26
percent of the Reserve. The Tola community was dominated by

Lepidophyllum tola ( = Parastrephis lepidophylla) and lesser amounts

of Diplostephium spp. Comparison of aerial photos with field

conditions revealed that Iglg haq invaded widely over the past 25
years into the lower end of Cupitay, Huisccana and Llamaiso Valleys
where domestic animals, espcially cattle, have heavily overgrazed
the previously dominant VT-11. The Tola community accounted for 8
percent of the Reserve.

The downhill lines of VT-4, separated by wide areas of VT-2,
together covered 24 percent of the Reserve and were classified as
fair vicuna habitat. The remainder of the Reserve (33 percent)
included VIs 1, 2, 3, 6, 12 and 13 and was considered good vicuna
habitat. Areas classified as fair and good habitat made up 57
percent of the Reserve.

VIs 1, 3, 6 and 8 were key communities with high feeding use
and high preference by vicuna. Quality of habitat depended, however,
not only upon good forage, but also upon the accessibility of
permanent drinking water and a communal sleeping ground (Franklin,
1973c). Unlike the Asian-African members of the camel family, vicuna
regularly drink, especially in the dry season when water is required
daily. Streams or springs within or on the border of a territory

often provided the vicuna group immediate access to water.
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Table 2. Vicuna and family group density in usable habitat within the Pampa Galeras Reserve
during the 1968 and 1971 censuses.

Total Percentage of
Drainage area fair to good Vicuna/100 ha Family Gps/100 ha

(ha) habitat : 1968 1971 1968 1971
Cupitay 1,200 43 23 39 s 6.0
Huisccana ' 910 52 15 16 1.5 3.6
Llamaiso 776 51 20 63 3.3 9.9
Ch.-Quishuar 1,077 43 26 23 2.8 3.9
Jochanga 1,674 72 | 25 30 2.8 3.5
Inca Huasi 850 75 30 33 3.8 7.2
Total Reserve 6,487 57 24 33 2.7 5.2

SE
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In 1971 Llamaiso Valley had 10 family groups/km2 of usable
habitat and Jochanga Valley had only 3.5 (Table 2). The high
density of vicuna in Llamaiso Valley was due to the presence of
good vegetation types and closeness to permanent water and sleeping
areas. In comparison to Llamaiso Valley, Jochanga was a wide, flat
valley with less surface water and greater distances to sleeping
grounds. Another factor possibly responsible for the low‘density
of vicuna in Jochanga was the abundance of rock outcroppings, the

favored denning habitat of the Andean fox (Dusicyon culpaeus), a

predator on vicuna.

Population Characteristics

Five vicuna social units were distinguished: Permanent
Territorial Family Groups (PTFGs), Marginal Territorial Family
Groups (MIFGs), Mobile Family Groups (MFGs), Male Groups (MGs)
and Solo Males (SMs). Permanent and Marginal Territorial Family
Groups were the most common social units and were composed of one
adult male and females with and without crias. PTFGs and MTFGS
each occupied a feeding territory where the group spent most of the
day and a sleeping territory located on higher terrain where they
passed the night. MIFGs were primarily groups from outside of the
study area making brief forays into it to drink and graze.

Non-territorial males formed all-Male Groups.
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Reproduction

Mating season. Breeding was almost an unnoticeable event,

except for a short and brief chase before mating and for the fact
that the mating pair lay down during a prolonged copulation. An
adult female showed no unusual behavior to indicate she was in estrus
and the male did not persistently smell the female's hindquarters
as is true of so many ungulates. Prolonged preoccupation or tending
that ungulate males traditionally show for females in heat was absent.

An exception to this low profile breeding behavior occurred
when a yearling female in heat was without established membership
in a group. In such cases, her running from one family group to the
next resulted in some chasing and confusion when she was being
pursued by territorial and non-territorial males.

Twenty-one matings were observed between 28 February and
29 May. April was the peak month for mating (rate = 3.0 matings/100
hours of observation, n = 11), followed by May (1.8, n = 4) and
March (1.3, n = 5). Almost all matings were in the morning hours
and occurred within the family group's feeding territory.

On three occasions an adult female was seen attempting to
mount another female. In one case she‘succeeded and caused the
recipient to lie down, where the two remained for 15 minutes in the
normal reclining copulation posture. In a second case 10 minutes
before she gave birﬁh, a female in labor attempted to mount another

female.
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Minimum breeding age, fertility and breeding season. Most

females were bred for the first time as 2-year olds, while some
mated when 12 to 14 months old. Cardozo (1954) reported gestation
as 11 months + 2 to 3 weeks. Thus most females gave birth to their
first cria when 3 years old. Vicunas always give birth to a single
offspring.

One-fourth of the 2-year old females were visually assessed as
pregnant in early March of 1970 and 1971 (n = 16). A female born
and tagged in 1969 gave birth to ber first cria in April 1971 when
she was 2 years old. During the breeding season estrus yearling
females not yet established in a family group might run from one
family group to the next and be bred by the resident territorial
male in each of several groups.

Females within a few weeks of parturition were visibly pregnant.
A high percentage of females 2 or more years old were pregnant:
1969 - 85 percent (n = 162), 1970 - 95 percent (n = 38), 1971 - 85
percent (n = 113). Nonpregnant adults were largely 2-year olds. A
lower percentage (10 to 20 percent) of females in MIFGs were
pregnant than females in PTFGs.

Ninety percent of the births occurred between 22 February and
7 April (n = 190); three-fourths of all births were in March. The
earliest observed birth was on 20 January and the latest on 31 July.
Of the 24 births witnessed, 23 occurred in the morning and within a
group's feeding territory. Morning births are likely a behavioral

adaptation to the Andean stormy afternoons. In summer, daily storms
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regularly started around noon. Crias born during afternoon storms
are not able to dry their soft insulating wool before entering the
near freezing nights and would have little chance for survival.

Parturition. My observations on vicuna parturition closely

coincided with those of Koford (1957). A female about to give
birth separated herself 15 to 25 m from the group. During the usual
l-hour labor the female often looked back to inspect her
hindquarters, lay down and stood intermittently, changed positions
and walked several steps every few minutes. Birth occurred while
the female stood. She immediately smelled and inspected the head
and muzzle of the newborn, but no licking occurred nor was the
placenta eaten. Other group members frequently came over to smell
and inspect the newborn shortly after birth. Fifteen to 20 minutes
after the birth, the cria was on its feet. It began nursing when
30 to 45 minutes old. |

Females seemed to delay parturition until they arrived at their
feeding territory. A group diéplaced from its territory by domestic
animals or people and containing a female showing early signs of
labor (raising tail frequently, restless and walking about near
group), soon returned to its feeding territory where the female gave
birth. For example, on the morning of 2 March 1971, MTFG 209 was
2 hours late in reaching its feeding territory. Within an hour
after arriving, a female gave birth to a cria.

On one occasion a group with a female about to give birth was
approaehed in hope of tagging the newborn cria, but the group ran

off. The cria was half protruding from the female as she ran with
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the group for 1.5 km before she stopped and gave birth. She quickly
inspected it and continued her flight without the cria. Five hours
later the tagged cria was carried to the group's sleeping territory
and left. The next morning the cria was with its mother despite the
initial separation. Three other cases occurred when the cria was
temporarily separated from its mother within minutes after birth,
handled by people for tagging and left in the group's territory.
Each time it was fully accepted and reunited with the female. These
experiences suggested female vicuna rapidly imprint upon their
newborn young.

Vicuna crias are followers as opposed to hiders (Lént, 1974);
from birth crias stay close to their mothers during daily movements.
During the first few days after birth mothers were unusually leery
and flighty. Such females sometimes arrived at the feeding
territory with their crias an hour or two after the group. Females
with very young crias sometimes attempted to leave the feeding
territory and return to higher gfound in the direction of their
sleeping territory during midday, although the male usually prevented
them from doing so. Disturbance by humans, domestic stock and dogs
on the slopes and valley floor was the suspected cause of the female's
uneasiness. Crias were weaned in July and August when 4 to 6 months

old, but occasionally attempted to nurse as late as November. .

Reproductive success. Four months after the beginning of the

birth season the maximum ratio of crias to females was reached

(Figure 18). In June 1969, 74 percent of the females had crias at
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their sides (n = 740 females, 186 family groups); in June 1970,

only 63 percent had crias (n = 596 females, 183 family groups).
Before the birth season, 85 and 95 percent of the females were
pregnant, indicating that some 10 percent (1969) to 30 percent (1970)
of the crias born died during the first 4 months. The cause of the
cria mortality was not determined, but predation was suspected.

MIFGs had lower reproductive success than PTFGs (Figure 18).

The cria to adult female ratio had the most meaning as a
measure of reproductive success and cria survival from July through
October. The cria to adult female ratio remained relatively stable
during this period although some juvenile males were forced from
their family groups by the adult males. The ratio became increasingly
less meaningful from October through February when juveniles were
being expelled from their groups.

Reproductive success varied between geographical regions within
the Pampa Galeras Reserve. In August 1968, cria to adult female
ratio was the lowest in Jochanga Valley (35:100), highest in
Huisccana Valley (70:100) and averaged 48:100 for the entire 6,500
ha Reserve. Poor habitat and possible fox predation were suspected
causes of low cria survival in Jochanga Valley. Reproductive success
and cria survival were higher (67:100) in the Cupitay study area

than most areas of the Reserve.

Numbers and density

From the early 1950s to mid-1960s the total vicuna population

plummeted from 400,000 (Koford, 1957) to possibly as few as 5,000
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(Grimwood, 1969). Illegal hunting for the vicuna's soft and high
priced wool was the primary factor responsible for this sudden crash.

There was doubt that the vicuna would be able to recover its
numbers because of its low reproductive rate. The International
Union for the Conservation of Nature (1968, p. MA117) reflected
this concern when it reported that "Infant mortality is apparently
high . . . ratio of juveniles to mature females at thevend of the
season of birth was 46 to 100. Gestation . . . about 11 months . . .
a single offspring." Fortunately, this early concern proved
unfounded at Pampa Galeras, where numbers have substantially
increased since establishment of the Reserve in 1966.

Within the Reserve, vicuna increased at an annual rate of 16
percent with a total increase of 50 percent (814 to 1,217) from
1967 to 1971 (Franklin, 1973c). In the 1972 census (complete count)
conducted by the Reserve's game guards, 2,095 animals were counted
within the Reserve (Norberto Mayorga, personal communication),
representing nearly 160 percent increase in the 5 years since 1967.
The same 1972 census showed 7,291 vicuna in the entire Pampa
Galeras region. The 1975 census, covering 60,000 ha in and around
Pampa Galeras, showed 12,816 animals (Carlos Ponce, personal
communication).

Stricter laws against hunting (Franklin, 1969) and improved
law enforcement have been highly successful in reversing the

vicuna's decline. The contribution of Pampa Galeras, where as much
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As the population increased, the density of PTFG animals in
Zone II decreased from 16 to 11, while MTFGs increased from 3 to 4
and MGs increased from 4 to 7 vicuna/km2 (Figure 19). Total animal
density decreased 8 percent in Zone II during the study. On better
vicuna habitat (Zone I) the density of PTFG animals increased from
15 to 17, MIFGs increased from 1 to 2 and MGs increased from 2 to
3 vicuna/km2 (Figure 20). Total density in Zone I increased 22
percent. Thus, an area of good habitat had a small increase in
animal density, while secondary habitat had a marked decrease of
PTFG animals and an increase in use by visiting MTFGs and MGs.
Overall, the density of PTFGs was four to six times more than that
of MGs and MTFGs.

Seasonal changes of vicuna density in good habitat were regular
and predictable due to a relatively stable adult female population,
regular seasonal increase from births and subsequent decrease from
cria dispersal (Figure 20). In secondary habitat the density of
animals in all social groups, especially MGs and MTFGs, was much more
irregular and fluctuating (Figure 19). At the end of each dry
season in Zome I the density of MGs and outside MTFGs increased when
these groups left their waterless habitat for daily drinking visits
to Zone I (Figure 19). The same increase of MTFG density occurred
in Zone II during the late dry season. The mean maximum number of
PTFGs observed per hour increased 33 percent (9.2 to 12.2) within the
study area from Year One to Year Two, while MTFGs increased 68

percent (1.9 to 3.2) and MGs increased 43 percent (0.7 to 1.0).
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as three-quarters of the world's surviving vicuna are found, has
been paramount (Franklin, 1975b).

In 1968 there were 14 vicuna/km2 within the Pampa Galeras
Reserve. Three years later in 1971 density increased to 19 -
vicuna/kmz. The density of vicuna on fair to good habitat
(effective) increased from 24 to 33 vicuna/km2 between the August
1968 and December 1971 censuses. Effective habitat per family group
decreased 48 percent as the number of family groups increased from
2.7 to 5.2/km2. The 2,095 vicuna counted within the Reserve during
the 1972 census placed the gross density at 39 vicuna/kmz, a level
considered by Koford (1957) near the carrying capacity of vicuna
range. The density of animals in the 1975 census was 21 vicuna/kmz.
In the area studied by Koford (1957) between Puno and Arequipa 400
km southeast of Pampa Galeras the density was 39 vicuna/kmz.

In the Cupitay Valley study area from Year One to Year Two
density rose from 19 to 22 vicuna/kmz. Zone II was poor habitat
compared to Zone I because water and key vegetation types were much
less abundant. Contrary to what one‘might expect, the poorer habitat
had higher mean density over two years than the better habitat
(23 vs. 20 vicuna/kmz). The reason for this was that the PTFGs
dominated the best habitat. MTFGs and the large MGs were forced into
the poorer habitat of Zone II. This was presumably possible because
the nonbreeding males of MGs had lowér nutritive requirements than
did breeding females and because of the highly aggressive males of

PTFGs.
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Size and composition of vicuna

social groups

Vicuna family groups averaged 6 and MGs 22 animals (Table 3).
Fifty-one percent of PTFGs had from one to five animals, 38 percent
six to ten and only 11 percent with over 10 animals. Three-quarters
of all MGs had fewer than 30 animals and 5 to 10 was the most common
group size. Male groups with greater than 50 animals were more
prevalent in spring and summer when yearling males jéined them. Zone
IT had a higher percentage of large male groups than did Zone I.

The largest family group observed during the study had 19
animals (PTFG 207 with one adult male, 10 adult females and 8 crias
in June 1969). The largest male group seen had 155 animals.

The composition of family groups was written as an abbreviated
formula: total number of animals in group (adult male - adult
females - yearlings - crias), e.g. 19(1-10-0-8). The average
composition of PTFGs was 6.1 (1.0 - 3.2 - 0.1 - 1.8) and of MTFGs

5.1 (1.0 - 2.6 - 0.1 - 1.4).

Changes in size and composition

of PTFGs and MTFGs

The size and composition of PTFGs and MTFGs were, highly
influenced by births and dispersal of young. During the summer
‘birth season the number_of crias increased (Figures 18 and 21).
Over the next 6 months, the ratio of crias to adult females
declined moderately in PTFGs as adult‘males drove out male crias

and some mortality of crias occurred. MTIFGs maintained themselves
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Table 3. Mean size of vicuna social groups and change over two years.

Social Group Year One Year Two Percent
(May 1969-April 1970) (May 1970-April 1971) Change

PTFGs 7.0 5.4 ~23%
S.D. _ (3.8) (2.3)
N = (1, 460) (1,981)
MTFGs 5.3 5.0 ~ 6%
S.D. = (2.6) (2.3)
N = (417) (783)
MGs 21.9 22.1 + 1%
S.D. = (16.3) (17.8)

N = (143) (246)
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at about the same size because some male crias driven from PTFGs
entered MIFGs. In December and January female crias and any
remaining male crias were expelled from PTFGs, with many of the female
crias joininghMTFGs. In February, just before the next birth.season,
these crias were also forced from the MIFGs; and both MIFGs and
PTFGs reached their lowest ratio of crias to adult females in March.
In most PTFGs all crias were forced out before the next birth
season. However, due to averaging data by months and because some
female crias transferred to groups in which the male was forming his
family group, the cria to adult female ratio did not drop below
32:100 in Figure 18. PTFG 216 clearly showed this period when crias

were completely absent from most PTFGs (Figure 21).

Changes in size and composition of MGs

Continuous day-to-day information for particular Male Groups
was impossible to obtain because the groups constantly changed in
number and location. Koford (1957) also reported far-ranging
movements by MGs. An example of how MGs changed in size was observed
on 11 September 1969: at 0800 a MG had 15 animals; at 0900, 25 animals;
and at 1200, 36 animals. Such splitting, mixing and joining of MGs
was common.

When juvenile males were expelled from their groups, they
joined MGs. Male crias were especially common in MGs in January
and February; for example 7 male crias in a MG of 15, 32 male
crias in a MG of 61 and 6 male crias in a MG of 49. Male crias

were usually part of a mixed MG of juveniles and adults; but small
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juvenile groups of two to five animals also occurred, particularly
in February. Within a fewy§eeks, juvenile male groups also joined

MGs containing older age classes.

Relative proportion of

social groups

Over 2 years, 59 percent of all animals were in PTFGs, 17 percent
in MIFGs and 24 percent in MGs. Three out of every four family
groups were PTFGs and about one third of all males older than 1 year
held territories (Table 4).

From 1968 to 1971 the portion of the population in family
groups in the total Reserve increased from 76 percent to 81 percent,
and the number of family groups increased from 101 to 193 (Table 5).
The ratio of females to males in the 1971 census was 100:85. Nine
out of every 10 groups identified were family groups. As the
population increased from 1968 to 1971, vicuna pushed out into
vacant and often less desirable range. The number of adults per
family group decreased from 4.9 to 3.7, partly because newly formed
family groups tended to be smaller than eStablished/;;;é, but perhaps
also because the amount of effective habitat per group decreased.

During a 3-day field trip in 1968 to Yauriviri, southeast of
Pampa Galeras, only five vicuna family groups were seen. Although
a small sample, the mean group size of 9.4 at the low vicuna density

in Yauriviri was the converse of the mean group size of 4.9 at high

density in Pampa Galeras.
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Table 4. Percentage of animals seen in vicuna social groups.

Percentage

Social Year One Year Two

Group (May 1969-April 1970) (May 1970-April 1971) Change
PTFGs 66 53 -13
MTFGs 14 20 + 6
Male Groups 20 27 + 7
Total 100 100 -

N = 15,554 19,995 =

Percentage Of
All Adult Males
Territorial 32 27 -5




Table 5. Changes in vicuna population size and structure between August 1968 and December

1971 in the 6,500 ha Pampa Galeras Vicuna Reserve.

Population Character 1968 1971 Percentage Change
Total population 891 1,217 + 37
Number of family groups 101 193 + 91
Mean family group size 6.7 4.9 - 27
Mean number of adults per faﬁily group
(> l-year old) 4.9 3.7 - 25
Number of male groups 11 27 +146
Mean male group size 19.2 17.2 - 9
Percentage of groups that were family groups 90 92 + 2
Percentage of population in family groups 76 81 + 5
Percentage of all males territorial 32 45 + 13
0.2 1:1 +0.9

Percentage of population as solo males

VA9
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Dispersal of yearlings

When male and female crias approached one year of age and were
forced from their family groups, most dispersed from the study area.
The number of 8-month old female crias seen per hour during the first
week of December 1969 was 4.3. Twenty-five weeks later, when they
were about 14 months old, only 0.3 were seen per hour. The 1970
female cria cohort decreased similarly from 8.0 to 2.1. The yearlings
that did remain attached themselves with territorial males. Thus,
in mid-April 1971 of the 20 yearling females remaining in the study
area, 35 percent were with males that had recently established their
territories, 27 percent were with long established PTFGs and 35
percent in MIFGs.

By June only 13 percent of the territorial groups (n = 47) using
the study area had yearling females: two groups out of 23 PTFGs took
on five yearlings (two in one group and three in the other); two
groups out of 17 MIFGs took on five yearlings (one in one group and
four in the other); and two recently established territorial males
out of seven took on six yearlings (three in each group). Very few
territorial males were willing to take on more females. This was
supported by observations of yearling females being chased by
territorial males away from one family group to the next as yearling
sought entry into a group. Thus, most yearling females dispersed
from an area of good habitat océupied by PTFGs. The few that étayed

primarily joined other groups that contained other yearling females.
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Mortality and suspected predation

It was uncommon to find dead vicuna in Pampa Galeras. From
July 1968 to March 1971, 35 dead vicuna were found by the Reserve's
guards while on patrol over the Pampa Galeras region and by myself
from within the Cupitay Valley study area: 19 were probably killed
by predators, nine by lightning, one by a fall, one from giving
birth and five from unknown causes.

The Andean fox, domestic dog (Canis domesticus) and puma (Felis

concolor) are believed to prey on vicuna. Eight dead vicuna with
severe throat bite wounds were considered to be predator kills.
Fresh fox tracks were found around three of the carcasses. Foxes
may even take healthy adult vicunas. An adult female suspected to
have been a fox kill was fat and in good physical condition. Of:
the eight predator kills, there were four adult females, one adult
male, and two crias and an adult of unknown sex. Six of the eight
were found in or within a few meters of a stream bed. Excluding
the mortalities caused by lightning, accidents, or birth, 17 of 24
dead vicuna were found within 10 m of a stream.

Vicuna found within a feﬁ meters of a stream were suspected
predator kills, since foxes were known to use streambeds and gullies
for attacking their prey. For example, on 19 November 1969 at 1130,
a single fox was seen to attack from its stream bed hiding place a
sheep that was feeding immediately next to the stream. The sheep
was pulled into the gully by the fox, but escaped when the sheepherder
and her dogs came running and chased the fox away. The North

American coyote (Canis latrans) will also use gullies and the rough:




57

terrain of river bottoms for attacking prey (Davenport, et al., 1973).
Of the 17 vicuna found near streams where sex or age was known there
were 14 adults, one yearling, no crias and two of unknown age; eight
were females, four males and five of unknown sex. Crias killed by
predators may have not been found, since the large Andean fox could
have readily dragged small crias away to their fox dens.

Vicuna often mobbed domestic dogs and foxes. Simultaneously,
several vicuna would vigorously chase and attack the potential
predator. Vicuna were especially prone to chase dogs and foxes in
the vicuna birth season.

Lightning storms were common during summer. Nine vicuna were
found killed by lightning during January, February and March. Storms
usually caused vicuna to stop grazing and lie down with their backs
to the wind and heads and necks flat to the ground, perhaps in

protection from both wind and lightning.

Social Organization

A Permanent Territorial Family Groups (PTFGs) averaged six

members: one adult male, three females and two crias. Vicunas in
PTFGs composed about 60 percent of the total population. Their
territory was in two parts: a feeding térritory where the group spent
most of the day feeding and a sleeping territory located on higher
terrain where they spent the night. An undefended neutral corridor
connected the feeding and sleeping territories. The group feeding
territory and sleeping territory and connecting corridor were

considered its home range. The PTFG feeding territory included
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access to permanent drinking water. Territories were exclusively
occupied by the resident family group and defended by the adult

male against all intruding outside vicuna. Size and shape of feeding
territories changed from one season to the next, but remained in the
same basic location for the entire year. PTFGs occupied the

- preferred habitats that were found on the slopes, flats and
bottomlands (Figure 22).

Marginal Territorial Family Groups (MIFGs) averaged one adult

male, three adult females and one cria. There were found on secondary
habitat surrounding the better areas occupied by the PTFGs. MTFGs
were especially common on the flattened ridges and drier slopes
without springs (Fig;re 23). PTFGs and MIFGs were the primary social
units of the vicuna population, in that they were the minimal social
unit needed for successful reproduction (Brown and Orians, 1970).
Family groups were categorized as PTFGs or MTFGs in order to study
the differences between groups occupying good and poor habitat.

Some family groups were intermediate between the two categories.
Vicunas in MIFGs comprised almost 20 percent of the total population.
The size, shape and location of their feeding territories changed
more than the territories of the PTFGs. The feeding territory
commonly did not include permanent water. As a result, MTFGs spent
less time in their feeding territory during the dry season than

PTFGs because of daily movements to water.‘

Mobile Family Groups (MFGs) were a temporary association of

females with an adult male that did not have an established territory.

Besides the male the group included from one to four other animals,
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Figure 22. A Permanent Territorial Family Group of vicuna in its
feeding territory of good habitat.

Figure 23. A Marginal Territorial Family Group of vicuna on secondary
habitat.
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usually one adult female and two or three yearling females (Figure
24). It was difficult to obtain continuous information on any one
MFG from day to day because of their high mobility and changing group
size. MFGs were seen most commonly during that time of year when crias
had been expelled from their family groups. Most MFGs seen in January
through March were composed of non-territorial adult males that had
secured one or more young yearling females which had been expelled from
their family groups. MFGs were chased out of areas occupied by PTFGs
and MTFGs, consequently, MFGs spent most of their time on poor habitat.
Male Groups (MGs) were bands of 2-155 non-territorial
males (Figure 25). Territorial males vigorously attacked and chased
MGs out of occupied habitat. As a result, MGs spent most of their
time in unoccupied gnd non-preferred habitats. MGs moved long
distances in search of areas to feed undisturbed. MG size fluctuated
often due to subgroups leaving and joining.
Solo Males (SMs) were physically and sexually mature
individuals that had left their MGs to establish territories (Figure
26). SMs did much wandering while looking for suitable unoccupied
or poorly defended sites to establish their territories. They were
aggressive toward established males that attempted to force them
from zones with territories. Once a Solo Male had established his

territory, it still might take him several months to obtain females.
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Figure 24, A Mobile Family Group of vicuna composed of a
non-territorial adult male and two young-yearling
females.

Figure 25. A Male Group of vicuna whose average size was 22 animals.
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Figure 26. A Solo Male vicuna with an established territory but
without a family group.

Figure 27. Intergroup Encounter Type III during which a territorial
male is chasing the adult female members of a trespassing
group from his territory but not making contact with them.
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0ld or injured males no longer able to hold a territory were
occasionally seen by themselves, but were not considered part of this
category because of their very small numbers and lack of social
involvement with the remainder of the population.

Groups that could not be identified as either a family or male
group, wandering adult female-cria pairs and solo yearlings and

adult females, were referred to as Unclassified Groups.

Relations Between Social Groups

Aggressive encounter types

Territorial males commonly defended their territories against
trespassing vicuna. Eight types of aggressive encounters between
groups were recognized. 1In the first four types the territorial
male chased and interacted with a recipient family or male group.
Encounter Types 5 and 6 involved no chasing; instead, the initiator
male posted himself near his territorial boundary to check the
forward movement of a neighboring group into his territory. 1In
Encounter Types 7 and 8 only the two neighboring territorial males
interacted with chasing and figﬁting. Definitions follow:

ENCOUNTER TYPE I occured when the initiator male left his
group and trotted or ran toward the recipient group. The recipiént
group retreated from the initiator male who did not come within 20 m
of the recipient group.

ENCOUNTER TYPE II was the same as Type I, except the male came
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within 20 m of the recipient group, but did not enter the group, nor
did he chase or make contact with recipient group members.

ENCOUNTER TYPE III was the same as Types I and II, except the
male entered the recipient group, usually chasing one or more adult
female members, without making contact. The male of the recipient
group would normally attempt to intervene and prevent the attacking
male from chasing his group members (Figure 27). Not all pursuits
of MG members involved running and chasing. When forcing a MG out
of his territory, the defending male would also make short charges
toward individual males.

ENCOUNTER TYPE IV was the same as Type III, but the attacking
male made contact with a recipient during the chase. When
the attacking male chased an adult female in the recipient group,
he often attempted to bite at ‘her underside and sometimes tried
to knock her down or trip her.

ENCOUNTER TYPE V occurred when the initiator male moved toward
the neighboring recipient group at a walk, frot, or run. He did
not enter the recipient group, but stopped short to stand, feed, or
lie down. He located himself near the recipient group, on or very
close to his territory boundary. The recipient group did not flee,

but commonly continued to feed without further forward movement.

‘The male of the recipient group did not come forward to confront

the initator male. When a male was away on a prolonged Type V
encounter his group continued feeding, but often moved in his

direction.
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ENCOUNTER TYPE VI was the same as Type V, but the recipient male
came out of his group to confront the initiator. The recipient
usually stood between his group and the initiator male. The two
males might approach each other within a few meters and even walk
together, but without chasing or contact. .

Two neighboring groups that came together at their mutual border
while feeding often continued feeding tranquilly in place with each
remaining in its respective territory. If one male moved forward
between the two groups, the second male did also, thus preventing
the other male from charging or chasing his females.

ENCOUNTER TYPE VII was the same as Type VI, but one male chased
the other without making contact. Encounter Types VI and VII were
especially common between two new territorial neighbors when they
were establishing and learning mutual boundaries. They spent long
periods within a few meters of each other, separated by their common
border and often trotted with their heads immediately next to the
ground. The males frequently stopped on dung piles to defecate or
exhibited the preliminary behaviors associated with defecation-
urination, but didn't eliminate. Such displays were emphasized by
prolonged squatting over dung piles for several minutes.

ENCOUNTER TYPE VIII was the same as Type VII, but the fighting
males made contact during the chase. Fighting between males
occurred year-round with a slight increase in frequency from May
to August. Seventy percent was caused by Solo Males attempting to

steal females from established family groups, in which case, the
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resident male defended his females by fighting off the outside male.
The balance of fighting was over territorial possession and boundaries
between established territorial males.

Fighting usually involved long hard running chases with males
attempting to bite and trip each other. Several severe fights lasted
the entire day and continued into the next.

Types VI, VII and VIII were helpful to an observer for
delineating territorial boundaries, especially Type VII when the
two males made short charges back and forth in a seeéaw effect at
the mutual boundary.

‘Occurrence and duration of encounters

Of all the territorial defenses observed (n=85,145), 71
percent were Types I, II and III. Only 2 percent were Types IV
and VIII. Defending males positioned themselves near the recipient
group and their common border (Type V) in 18 percent of all encounters.
Encounters where only the two males interacted (VI, VII and VIII)
averaged 11 percent over two years. Thus, the most frequent form
of territorial defense was by chasing without contact.

The durations of intergroup encounters were recorded for the
male of group 211 from April 1970 to January 1971. Territorial
defenses ranged from 1 to 57 and averaged 9.6 minutes (n=129) in
duration (Table 6). Chases after trespassing groups (Type I) were
only 5.4 minutes in duration, but if the encounter involved contact
with recipient group members, it lasted nearly three times as long

(14.7 minutes) "(P<.05). The duration of Encounters I through IV
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Table 6. Duration of aggressive encounters for male 211 when
defending his territory.

Encounter Duration In Minutes
type n Mean S.E.
i 56 5.4 1.1
II | 10 7.1 2.6
III 11 9.6 2.4
Iv 3 14.7 4.8
\ 26 11.7 1.6
Vi 20 20.2 1.9
VII 5 4.0 4.8
VIII 0 - o
Combined 129 9.6 0.5

increased progressively. A confrontation of both males at their
mutual border without chasing (Type VI) was the longest lasting encounter
(P<0.05), but when they chased each other (Type VII) the encounter
was five times briefer.
Resident PTFG males chased MTFGs (148 m) and MGs (140 m)
further than they did neighboring PTFGs (117 m) in Encounter Types I
through IV (P<0.05; n = 800). Encounter Types V and VI without
chasing were significantly (P<0.05; n = 350) shorter (54 m) than

those with chasing (130 m), while chases between territorial males
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(Types VII and VIII) averaged the same distance (130 m) as territorial
males chasing trespassing groups (Types I to IV). There was a sharp
increase in the total mean distance fighting and chasing males

covered from the first (91 m) to the second year (160 m).

Daily and seasonal changes in types

of encounters

Males defended their territories throughout the day, but
especially in the morning (75 percent, n = 8,177) (Figure 28). As
the density of groups increased 45 percent over two years, the
frequency of encounters also increased (Figure 29). Peaks in the
rate of encounters coincided with the breeding season, or when MG
or MTFG density was up. The low intergroup encounter rate in
September 1970 corresponded with a decrease in animal density. In
both years, males protected their territories more during the birth
and breeding periods.

Encounter Type I was the most common during Year One and
Type II in Year Two (Figure 30). In the second year, when group
density was up, defending males significantly (P<0.05) approached
the recipient group more closely and entered it more often (Types II
and III). Tﬂus, the vigor or intensity of territorial defense

increased as group density increased.

Encounters between social groups

Nearly half of all encounters by a PTFG were with a neighboring
PTFG, 35 percent with MTFGs visiting the study area, and 16 percent

with MGs (Figure 31). The proportion of encounters with MGs and
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unclassified groups was constant from the first year to the second.
However, there was a 6 percent decrease in the proportion of
encounters between PTFGs and a 7 percent increase between PTFGs
and MTFGs as the latter increased in density by one and a half
times (P<0.05).

Rates of aggression towards different types of social groups
were obtained by counting the number of encounters per hour per
group present (Figure 31). The probability of PTFGs interacting
with each other rather than with MIFGs and MGs was much higher,
since there were three times as many PTFGs as MIFGs and MGs combined.
Territorial males showed the highest level of aggression towards
male groups (1.0 encounters/hour) and the least towards neighboring
PTFGs (0.1 encounters/hour). Aggression was aléo high towards MTFGs
and unclassified groups. Thus, territorial males were much more
aggressive towards MGs and to family groups from outside the area
than to locally established family groups. The rate of aggression
towards the local PTFGs remained constant over 2 years, while the
rate towards MGs increased 25 percent, MTFGs 30 percent and
unclassified groups 64 percent (P<0.05), even though the density of
all social group types increased. Peaks of aggression towards Male
Groups were during the summer of Year One when MGs were harrassing
family groups and in spring of Year Two when MGs were seeking sources
of water. An example from mid-November, 1970, illustrates the high
rate of aggression MGs received from territorial males: a group

of 66 males came under attack 38 times (9.5 encounters/hour) by 14
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different territorial males; the MG was under retreat and escaping
for nearly two-thirds (64 percent) of the 2,900 m traveled during the
four hours they were under observation.

Further insight into how territorial males treated different
types of social groups during the defense of their territories was
gained by comparing the frequency of intergroup aggressive types
with each type of recipient social group (Figure 32). In their
conflicts with neighboring PTFGs, PTFGs showed nearly equal
proportions of chasing without entering the recipient group (Types
I and II, 43 percent) and ''passive' guarding of territorial borders
(Types V and VI, 42 percent). Type VI was almost exclusively with
neighboring territorial males when both males met at their mutual
border without chasing, while non-neighboring MTFG males showed
almost no inclination for such encounters. When interacting with
Male Groups, the defending PTFG male most often (P<0.005) entered
the group and chased individual males (50 percent of the time)
without making contact with them (Type III).

PTFG males frequently chased away a trespassing MTFG without
entering it (66 percent of the time) and only 16 percent of the time
entered and chased individual members. Figure 32 indicates the type
of aggression used by PTFG males in defending their territories and
also the level of resistance by recipient groups. Movement toward,
but not entering a MTFG was usually sufficient to force it away.
This was not so for MGs. MGs had to be entered and individual

members chased by the territorial male. MGs were less responsive
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and slower to retreat from attacking territorial males, probably
because of their large group sizes. Attacks on male groups were
typically short charges and circular chases within the group, while
pursuit and chasing without entering the group was the most common

form of attack against family groups.

Initiators and recipients of

territorial defense

How often a male was involved in aggression with other males
depended on a number of factors: (1) how often males and groups
intruded upon the territory, (2) the number of neighboring males,
and (3) the motivation of the given male to expand his own
territory. Males might intrude upon a territory in an attempt to
acquire part of it; they might be merely passing thfough the
territory on the way to water or to feed; or they might be seeking
to acquire females. Males were Initiators or Recipients of attacks
depending upon the circumstances. There were in fact, large
differences between males in thé rates at which they initiated and
received encounters (Table 7). Some males initiated far more
encounters than they received and vice versa.

Marginal groups, that had to leave their feeding territories
more often than PTFGs, were frequently the recipients of aggressive
encounters when they trespassed onto other territories. For example,
MTFGs 205 and 209 were strong Recipients (Table 8). Group 219,
although considered a PTFG, was on a small near-marginal feeding

territory. Because 219 often had to leave its feeding territory,



Table 7. Rates at which individual males defended their territories
and rates their groups received aggression from other
territorial males. Initiator Rate (IR) = number of
encounters initiated by a male per 10 hours male was
observed. Recipient Rate (RR) = number of encounters
received by a group per 10 hours group was observed. May
1969 to April 1971. N = 2,251 encounters initiated and
2,399 encounters received.

Number Of Three-Month
Seasons Observed :
Group Year One Year Two

Number Year One ‘ Year Two IR RR IR RR
205 4 4 0.7 0.9 0.7 1.7
207 4 1 0.9 1.3 1.8 0.9
208 4 4 1.4 1.6 1.9 1.5
209 4 4 1.4 1.6 1.8 2.7
211 4 4 3.3 1.3 2.7 1.5
212 4 4 1.0 1.0 | 1.8 1:2
213 2 0 1.9 0.9 — —
214 4 0 1.8 1.2 - -
215 4 4 1.3 0.5 1.9 1.2
216 4 4 0.9 1.5 1.1 1.2
217 4 2 0.4 0.4 0.4 0.8
219 4 4 0.9 2.2 1.2 2.5
227 4 4 2.1 3.0 1.6 1.7
228 2 4 2.6 2.4 2.1 0.7

229 1 4 1.3 4.3 2.2 2.3
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the group was also a strong Recipient. Male 207 was a Recipient

in Year One because he was les<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>