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The Puna of Junin, located in the Cen- 
tral Peruvian Andes at an altitude of 
more than 4000 meters above sea level, 
is an ecologically optimum area for the 
native American Camelidae: guanaco 
(Lama guanicie), vicufia (Lama vi- 
cugna), llama (Lama glama), and alpaca 
(Lama pacos). The Puna is bounded on 
the south and west by the Mantaro Riv- 
er, on the north by Lake Junin, and on 
the east by decreasing altitudes, which 
terminate the puna environment (Fig. 1) 
(1, 2). Within the Puna of Junin there is 
an abundance and variety of natural pas- 
turage for the Camelidae (Festuca dolico- 
phyla, Bromus lanatus, Colamagrostis 
vicunarum, Hordeum muticum, and oth- 
ers) which, because of the presence of 
lakes, ponds, marshes; springs, and riv- 
ers, remains verdant throughout the 
year. In contrast with other areas of the 
puna life zone, where the annual desicca- 
tion of pasturage during the dry season 
months (May to October) leads to dis- 
location of camelid territories and low 
population densities, the perennial pas- 
turage and water resources of the Puna 
of Junin can support large and seasonally 
stable camelid populations. Here ecologi- 
cal factors and territorial behavior pat- 
terns combined to create a stable concen- 
tration of Camelidae within a definite 
geographic area, forming a kind of natu- 
ral corral which was exploited by early 
hunters and within which the process of 
domestication was probably carried out. 
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Uchcumachay Cave: 

The Preceramic Sequence 

The Cave of Uchcuma 
is located in the Puna 
altitude of 4050 m abov 
lometer 218.5 of the L 
Cerro de Pasco highway 
of Yauli, Department 4 

cave is one of many p 
discovered by Matos M 
(1). Test excavations at 
were completed by Kaul 
6), when highway and cai 
activities threatened des 
cave deposits. At the tim 
these deposits covered a 
376 m2. A single test tren 
was excavated from the ( 
edge of the talus deposit. 
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tion activities subsequently destroyed 
the outer limits of the talus deposit. 

A total of seven natural stratigraphic 
levels reaching a maximum depth of 1.20 
m were revealed. Levels 1 through 3 

on showed evidence of mixture, and for this 
reason we will not consider these materi- 

~les ~ als here. Levels 4 through 7 represent 
lv~es undisturbed preceramic deposits and are 

the subject of this article. To date car- 

the bon-14 samples from these excavations 
have not been processed. 

nin. Level 7 represents the first occupation 
of Uchcumachay Cave. This deposit, 

eira, which covered an area of approximately 
1 m2 in the test trench, was very thin and 

icke compact and lay directly on sterile sedi- 
ments. Lithic remains from this level 
include a distal retouch split nodule 
scraper (Fig. 2) and seven waste flakes, 

ed from archeo- all from local stone. Bones of extinct 
of Junin (Fig. 1 Pleistocene Cervidae (Agalmaceros 
ument the abun- blicki) and Equidae [Parahipparion (Hy- 
)f these animals perhippidium) peruanum] were also 
period, and we found in association with these lithic ma- 
ds of Camelidae terials. Parahipparion (Hyperhippidium) 
the time of the peruanum (7) has also been found in 
Introduction of levels 7, 8, and 9 of the site of Huargo, 

by the invaders located at 4050 m above sea level in the 
lacement of the Department of Huanuco, without asso- 
lated in their vir- ciated lithic material (8). A radiocarbon 
e Puna of Junin date of 11,510 + 700 B.C. has been oh- 
)f the Cerro de tained from animal bones found in level 8 

(9). Likewise there may be some correla- 
tion with Pleistocene faunal materials of 
the Pacaicasa (20,000 to 13,000 B.C.) and 
Ayacucho (13,000 to 10,000 B.C.) com- 
plexes from Pickimachay Cave (levels k 
through il and hl through h) in the Depart- 

chay (Tilarnioc) ment of Ayacucho (10, pp. 12-16). Radio- 
of Junin at an carbon dates for this material, all from 
re sea level (ki- animal bone samples, range from 
Aima-La Oroya- 17,650 + 3,000 B.C. to 12,750 + 1,400 
in the Provence B.C. for the Pacaicasa complex and 
of Junfn). This 12,200 + 180 B.C. for the Ayacucho 
Ireceramic sites complex levels (10, pp. 12-16). Accord- 
endieta (Fig. 1) ing to MacNeish et al. (10), these two 
t Uchcumachay complexes correspond to periods 1 
licke in 1972 (5, (20,000 to 13,000 B.C.) and 2 (13,000 to 
nal construction 10,000 B.C.) of their proposed Central 
struction of the Andean chronology and are character- 
ie of excavation 
surface area of 

ch, 1 by 10.5 m, 
cave wall to the 
Road construc- 
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ized by exclusive hunting of Pleistocene 
faunal forms which disappeared by 
10,000 B.C. In the case of Uchcumachay 
Cave, however, the stratigraphic evi- 
dence indicates a more recent date for 
the Pleistocene fauna found in level 7. 
According to MacNeish and Nelken-Ter- 
ner (11), the lithic assemblage from level 
6 at Uchcumachay Cave closely corre- 
sponds to that of the Early Jawya com- 
plex of Ayacucho, which begins about 
7,100 B.C. (10, p. 21). If this cross dating 
is even approximately correct for level 6, 
acceptance of a date greater than 10,000 
B.C. for level 7 would imply a hiatus in 

occupation of at least 3,000 years-a 
hiatus for which there is no stratigraphic 
evidence. For this reason we suggest a 
tentative date of 10,000 to 7,000 B.C., 
corresponding to period 3 of the pro- 
posed Central Andean chronology (10, 
pp. 16-20), for level 7 at Uchcumachay 
Cave. 

Level 6 deposits contained 78 artifacts. 
This small sample size is a result of the 
reduced area of level 6 in the test trench. 
Included among the artifacts are projec- 
tile points (14.1 percent), other bifacial 
tools (6.1 percent), artifacts with lateral 
retouch (43.6 percent), artifacts with dis- 
tal retouch (24.4 percent), and other mis- 
cellaneous artifact types (11.8 percent). 
Debitage (that is, the waste material pro- 
duced in the manufacture of stone tools) 
represents more than seven times the 
volume of artifacts. Stone utilized in the 
manufacture of these tools is of local 
origin. Six types of projectile points were 
found, and artifacts with lateral retouch 
(43.6 percent) are the most common. On 
typological grounds we can compare the 
artifacts from level 6 with some from the 
Lauricocha I period at caves L-l and U-l 
in the Department of Huanuco (8,000 to 
6,000 B.C.) (12, 13) and, as has been 
mentioned above, with the early levels of 

Table 1. Preceramic faunal remains from Uchcumachay Cave, Puna of Junin. Values are num- 
bers of bones and percentages of faunal remains. 

Level 4, Level 5, Level 6, Level 7, 
4,200- 5,500- 7,000- 10,000- 

Identification 2,500 B.C. 4,200 B.C. 5,500 B.C. 7,000B.C. 

No. % No. % No. % No. % 

Camelidae 
Adult 443 50.3 684 57.3 66 37.7 
Juvenile 150 17.0 148 12.4 15 8.6 
Fetal or newly born 154 17.5 151 12.6 15 8.6 

Total 747 84.8 983 82.3 96 54.9 

Cervidae 
Adult 105 12.0 157 13.1 65 37.1 
Juvenile 18 2.0 31 2.6 2 1.1 
Fetal or newly born 13 1.1 4 2.3 
Hippocamelus antisensis 5 0.4 1 0.6 
Odocoileus virginianus 1 0.1 1 0.6 

Agalmaceros blicki 2 25.0 
cf. Agalmaceros blicki 1 12.5 

Total 123 14.0 207 17.3 73 41.7 3 37.5 

Other species 
Parahipparion (Hyperhip- 

pidium)peruanum 1 12.5 
cf. Parahipparion (Hyper- 

hippidium)peruanum 2 25.0 

Canisfamiliaris 2 0.2 
Dusicyon culpaeus 1 0.1 1 0.6 
Felis concolor 2 0.2 
Lagidium peruanum 5 0.6 2 0.2 
Rodent 2 25.0 
Bird 5 2.8 

Total of identifiable 
bones 881 100 1,194 100 175 100 8 100 

Unidentifiable bones 
Camelidae-Cervidae size 

Adult 3,748 4,857 789 
Juvenile and fetal or 

newly born 623 516 211 
Less than Camelidae- 

Cervidae size 
Adult 1 13 
Juvenile and fetal or 

newly born 
Total of analyzed 

bones 5,253 6,580 1,175 8 
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the Jawya complex (7,100 to 5,800 B.C.) 
of Ayachucho (10, p. 21). This corre- 
sponds to period 4 of the proposed Cen- 
tral Andean chronology, which dates 
from 7,000 to 5,500 B.C. (10, pp. 20-24). 

Level 5 contained 442 artifacts includ- 
ing projectile points (28.5 percent), other 
bifacial artifacts (11.1 percent), artifacts 
with lateral retouch (24.2 percent), arti- 
facts with distal retouch (28.1 percent), 
and other miscellaneous artifact types 
(8.1 percent). The volume of debitage 
was about three times that of artifacts. 
The frequency (from 14.1 to 28.5 per- 
cent) and variety (from 6 to 16 types) of 
projectile points increases from level 6 to 
level 5, while the manufacture of lateral 
retouch artifacts decreases (from 43.6 to 
24.2 percent). The most common projec- 
tile point types include stemmed points 
with lateral wings, cordiform, double- 
ended (leaf-shaped), and concave-base 
points. The stone is of local origin. On 
typological grounds we note some corre- 
lations with the Early Chihua complex 
(4,550 to 4,200 B.C.) and the Piki com- 
plex (5,800 to 4,550 B.C.) of Ayacucho 
(10, p. 26), and the Lauricocha II period 
at caves L-l and U-l in Huanuco (6,000 
to 3,000 B.C.) (12, 13). In terms of the 
Central Andean chronology (10, pp. 24- 
28) this level would appear to correspond 
in part to period 5, 5,500 to 4,200 B.C. 

Level 4 contained 491 artifacts, includ- 
ing projectile points (37.7 percent), other 
bifacial artifacts (12.6 percent), artifacts 
with lateral retouch (21.4 percent), arti- 
facts with distal retouch (especially end 
scrapers) (25.0 percent), and other mis- 
cellaneous artifact types (3.3 percent). 
Debitage amounted to slightly more than 
double the volume of artifacts. The fre- 
quency of projectile points continues to 
increase in level 4 (from 28.5 percent in 
level 5 to 37.7 percent) and 14 different 

projectile point types are identified. The 
most frequently represented are rhom- 
boids and triangular points with straight 
sides and rounded bases. The stone uti- 
lized is of local origin with the exception 
of a few pieces of obsidian from the 

Quispisisa source in Huancavelica (14). 
Bone projectile points and awls were 
also recovered in this level. On typologi- 
cal grounds we can note some correla- 
tions with the Middle and Late Chihua 

complexes (4,200 to 3,100 B.C.) of Aya- 
cucho (10, p. 30), the Lauricocha III 

period at caves L-l and U-l in Huanuco 
(3,000 to 1,000 B.C.) (12; 13, p. 145), and 
materials from Quishqui Puncu in An- 
cash (15). This suggests a date sometime 
between 4,200 to 2,500 B.C., correspond- 
ing in part to period 6 of the chronology 
proposed for the Central Andean region 
(10, pp. 28-32). 
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Uchcumachay Cave: The Faunal Remains 

The faunal remains excavated at Uch- 
cumachay Cave provide evidence of 
change in animal utilization patterns dur- 
ing the preceramic period, beginning 
with the hunting of an extinct Pleisto- 
cene fauna and terminating with in- 
tensive utilization of the Camelidae. A 
total of 13,016 animal bones and bone 
fragments recovered from levels 4 
through 7 of Uchcumachay Cave were 
analyzed utilizing comparative oste- 
ological collections at the Laboratorio 
de Paleoetnozoologia of the Universidad 
Nacional Mayor de San Marcos in Lima 
(16, 17). For 2,258 of these osseous re- 
mains it was possible to identify the gen- 
era or species. Bones of Camelidae- 
Lama guanicoe, L. vicugna, L. glama, 
and L. pacos-have been recorded as a 
single group (Camelidae) because of the 
lack of documented characteristics for 
visual separation of the bones of these 
species. These remains were subdivided 
into three age groups: (i) adult (more 
than 18 months), (ii) juvenile (approxi- 
mately 2 to 18 months), and (iii) fetal or 
newly born (up to approximately 2 
months), by utilizing skeletons of L. 
glama and L. pacos of known age and 
sex from the Centro Nacional de Cameli- 
dos Sud-Americanos, Instituto Veter- 
inario de Investigaciones Tropicales y de 
Altura, La Raya, Puno, in the collections 
of the Laboratorio de Paleoetnozoo- 
logia. Likewise the bones of Cervidae 
were subdivided into (i) adult (fused), (ii) 
juvenile (unfused bones and deciduous 
teeth), and (iii) fetal or newly born. The 
remaining unidentifiable fragments were 
subdivided into two groups: (i) animals 
of Camelidae-Cervidae size and (ii) ani- 
mals of less than Camelidae-Cervidae 
size. The results of this analysis are pre- 
sented in Table 1. 

Level 7 of Uchcumachay Cave con- 
tained remains of Pleistocene Cervidae 
and Equidae (Table 1). Agalmaceros 
blicki is a high-altitude Pleistocene cer- 
vid which has previously been described 
from geologic deposits in Ecuador (18). 
An antler fragment and a frontal portion 
(Fig. 3, a and b) represent, to the best of 
our knowledge, the first reported occur- 
rence of this species both in Peril and in 
association with human activity (19). Af- 
ter the A. blicki antler fragment in the 
excavated material at Uchcumachay 
Cave was identified, another antler por- 
tion of this species was found amid the 
debris left by recent pothunters at the 
site. Also, a nearly complete skull of an 
adult A. blicki was located by R. Matos 
Mendieta in the nearby village of San 
Pedro de Cajas (Fig. 4), which allowed 
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positive species identification of the fron- 
tal portion from level 7. This skull, found 
during excavations for a well, is in a 
private collection and has not been avail- 
able for detailed study. 

In addition to A. blicki, an astragalus 
(Fig. 5a), first phalanx (Fig. 5b), and 
cervical vertebra of native American 
equid were als) found in level 7 deposits. 
The first phalanx has been identified as 
Parahipparion (Hyperhippidium) per- 
uanum by Hoffstetter (19). This species 
has apparently not previously been re- 
ported from an archeological site in Pe- 
ri, despite the fact that the small zebra- 
like form of Parahipparion was far more 
common than true Equus (for example 
Amerhippus or Equus andium) (20). 
Equid bones from the site of Huargo in 
the Department of Huanuco were identi- 
fied as Amerhippus sp. (21) but in fact 
pertain to the species P. peruanum (7). 
Bones identified as E. andium were 
found at Pickimachay Cave in the De- 
partment of Ayacucho (10, pp. 12-16). 
Dates for the equids from Huargo 
[11,510 + 700 B.C. (9)] and Pickimachay 

A 

&& 

<. Lake Junin 

AA . 

N 

V Eastern limit of the Puna of Junin 

A Preceramic sites 

Cave [20,000 to 10,000 B.C. (10, pp. 12- 
16)] are greater than the date indicated for 
level 7 at Uchcumachay (10,000 to 7,000 
B.C.) but, as Hoffstetter indicated while 
examining the bones from level 7, the 
possibility that both A. blicki and P. 
peruanum survived in the high Andean 
puna until such a recent date is not sur- 
prising (19). The most important aspect 
of level 7 at Uchcumachay Cave, how- 
ever, is the undoubted association of 
extinct species with evidence of human 
activity (Fig. 2). Future excavations at 
Uchcumachay should amplify our under- 
standing of both the date and nature of 
this early hunting economy. 

Level 6 faunal remains (Table 1) (7,000 
to 5,500 B.C.) appear to represent a tran- 
sitional stage in the long-term trend to- 
ward increasingly intensive utilization of 
the Camelidae. Of the bones 54.9 percent 
are of Camelidae and 41.7 percent of 
Cervidae, indicating an almost equal im- 
portance of both in the diet. Faunal re- 
mains of this period recovered at the site 
of Panaulauca (level 7) (Fig. 1 and Table 
2) in the Puna of Junin included 26.0 per- 
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Fig. 1. Map of the Puna of Junfn showing the locations of preceramic period archeological sites, 
based on survey maps by Matos Mendieta (1) and Lavallee et al. (2). Preceramic sites 
mentioned in this article are indicated by name. 
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cent Camelidae and 74.0 percent Cervidae. puna life zone of the nearby Department vidae (17.3 percent) and rare small mam- 
Proportions similar to those from Uchcu- of Huinuco. mal exploitation (0.4 percent). Of particu- 
machay (59.1 percent Camelidae and Level 5 (5,500 to 4,200 B.C.) represents lar importance among the bones from 
40.9 percent Cervidae) were also found an economy based on primary camelid level 5 at Uchcumachay are an axis and 
at Lauricocha Cave L-l (levels 20 and utilization (82.3 percent) (Table 1), with canine tooth of domestic dog, Canis fa- 
21) (Table 2), which is situated in the relatively minor consumption of Cer- miliaris. These bones, together with an- 

Table 2. Preceramic faunal remains from archeological sites in the Puna of Junin and the nearby Puna of Lauricocha. A total of 25,146 animal 
bones from these sites were analyzed by J. Wheeler Pires-Ferreira, E. Pires-Ferreira, P. Kaulicke, C. R. Cardoza, E. Angulo, and D. Pozzi-Escot 
of the Laboratorio de Paleoetnozoologia, Lima. Of these bones, 5,644 could be identified to genus or species level. The sites of Uchcumachay, 
Panaulauca, and Pachamachay were excavated by P. Kaulicke and R. Matos Mendieta, Acomachay A and Telarmachay by Lavallee and Julien (2, 
24), and Lauricocha L-1 by A. Cardich. 

Uchcumachay Cave Panaulauca Cave AA Lauricocha Cave 
(Tilarnioc) (Panalagua) LPachamachay Cave Acomachay A Telarmachay (Tilarnioc) (Panalagua) (L- 1) 

Level 4 Level 1 to 3 

84.8% Camelidae 
14.0% Cervidae 
0.6% Lagidium 

peruanum 
0.3% bird 

(unidentifiable) 
0.2% Felis concolor 
0.1% Dusicyon 

culpaeus 

85.8% Camelidae 
13.9% Cervidae 
0.3% Felis concolor 

Period 7 (2,500-1,750 B.C.) 
Levels 3 to 7 Levels 2 to 4 

(sounding 1) 
Level 2 (sounding 2) 

96.1% Camelidae 94.1% Camelidae 
2.7% Cervidae 5.9% Cervidae 
0.1% Canis 
familiaris 

0.1% Lagidium 
peruanum 

0.4% Felidae 
0.4% bird 

(unidentifiable) 
0.2% Batrachophrynus 

sp. 

Period 6 (4,200-2,500 B.C.) 
Levels 8 to 12 

97.8% Camelidae 
2.0% Cervidae 
0.2% Canis 

familiaris 

Level 5 (sounding 1) 

84.8% Camelidae 
13.5% Cervidae 
1.7% Lagidium 
peruanum 

Levels 12 to 14 
(Lauricocha III) 

84.7% Camelidae 
13.1% Cervidae 
2.2% Canis 

familiaris 

Period 5 (5,500-4,200 B.C.) 
Level 5 

82.3% Camelidae 
17.3% Cervidae 
0.2% Lagidium 

peruanum 
0.2% Canis 

familiaris 

Level 6 

54.9% Camelidae 
41.7% Cervidae 

2.8% bird 
(unidentifiable) 

0.6% Dusicyon 
culpaeus 

Levels 4 to 6 
87.6% Camelidae 
12.3% Cervidae 

. 1% Canis 
familiaris 

Period 4 (7,000-5,500 B.C.) 
Level 7 

26.0% Camelidae 
74.0% Cervidae 

Levels 20 to 21 
(Lauricocha I) 

59.1% Camelidae 
40.9% Cervidae 

Period 3 (10,000-7,000 B.C.) 
Level 7 

25.0% Agalmaceros 
blicki 

12.5% cf. Agalmaceros 
blicki 

12.5% Parahipparion 
(Hyperhippi- 
dium) peruanum 

25.0% cf. Parahip- 
parion (Hyper- 
hippidium) per- 
uanum 

25.0% rodent (uniden- 
tifiable) 
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Fig. 2 (left). Distal retouch split nodule scraper from level 7, 
Uchcumachay Cave. Fig. 3 (right). Bones ofAgalmaceros blicki 
from level 7, Uchcumachay Cave: (a) antler fragment and (b) frontal 
portion. 

other canine of similar date from level 4 
at Panaulauca Cave (Table 2), apparently 
represent the earliest evidence of domes- 
tic dog so far recovered in Perui (22). 
Faunal remains of this period found at 
Panaulauca Cave (levels 4 to 6) included 
87.6 percent Camelidae, 12.3 percent 
Cervidae, and 0.1 percent C. familiaris 
(Table 2). Cardich (13, p. 145) reports a 
predominance of camelid, together with 
some cervid and rare small animal re. 
mains, for the Lauricocha II period 
(6,000 to 4,000 B.C.) in Huanuco, but no 
bones of this period were included in the 
sample from Lauricocha Cave L-1 ana- 
lyzed at the Laboratorio de Paleoet- 
nozoologia. 

Level 4 (4,200 to 2,500 B.C.) shows no 
significant evidence of change in the pat- 
tern of animal utilization found in level 5 
at Uchcumachay Cave. Primary depen- 
dence on the Camelidae as a source of 
meat is recorded at 84.8 percent, while 
cervid remains account for only 14.0 per- 
cent of the total. A similar pattern is also 
seen at Panaulauca Cave (levels 1 to 3) 
(Table 2) where faunal remains of this 
period included 85.8 percent Camelidae, 
13.9 percent Cervidae, and 0.3 percent 
Felis concolor (mountain lion). Like- 
wise, animal bones from Pachamachay 
Cave (levels 8 to 12) (Fig. 1 and Table 2), 
which is also located in the Puna of 
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Junin, included 97.8 percent Camelidae, 
2.0 percent Cervidae, and 0.2 percent C. 
familiaris. Bones from Lauricocha Cave 
L-l (levels 12 to 14) (3,000 to 1,000 B.C.) 
produced similar totals of 84.7 percent 
Camelidae, 13.1 percent Cervidae, and 
2.2 percent C. familiaris (Table 2). 

Remains of the terminal preceramic 
period 7 (2,500 to 1,750 B.C.) (10, pp. 
32-37) from Uchcumachay Cave are not 
included in this analysis because levels 1 
to 3 were disturbed. However, the faunal 
adaptation of this period is known from 
other sites in the Puna of Junin: Pach- 
amachay Cave (levels 3 to 7) (Table 2), 
Acomachay A (levels 2 to 4, sounding 1; 
and level 2, sounding 2), and Telar- 
machay (level 5, sounding 1) (23, 24) 
(Fig. 1 and Table 2). The greater than 80 
percent frequencies of camelid utiliza- 
tion found during the preceding periods 
for levels 4 and 5 at Uchcumachay Cave 
continue to increase during the terminal 
preceramic, rising to 96.1 percent at 
Pachamachay, 94.1 percent at Aco- 
machay A, and 84.8 percent at Telar- 
machay, where there is evidence for do- 
mestication (23, 25). 

This sequence from the Puna of Junin 
documents the process of development 
of a stable economic adaptation based on 
primary camelid utilization, which began 
with the first appearance of these ani- 

mals in the area around 7,000 B.C. and 
terminated with their domestication be- 
tween 2,500 and 1,750 B.C. Although 
there is as yet no evidence for the exis- 
tence of fossil Camelidae in Pleistocene 
deposits of the Central Andes (Perui) (20, 
21), they are known from Punin, Ecua- 
dor, to the north, and Tarija, Bolivia, to 
the south (26-29). This noncontiguous 
distribution of fossil forms, taken togeth- 
er with the apparent correlation between 
the disappearance of Pleistocene fauna 
and the appearance of Camelidae in ar- 
cheological sites (Table 2) (10, pp. 12- 
20), suggests the possibility of a climatic 
change that favored the dispersion and 
increase of camelid populations in the 
Central Andes between 10,000 and 7,000 
B.C. Paleoecological studies, which 
could explain this phenomenon, are lack- 
ing. 

The Phenomenon of Primary Camelid 

Utilization 

While it is clear that the processual 
decrease in cervid remains throughout 
the preceramic period at Uchcumachay 
Cave and other sites in the Puna of Junin 
(Table 2) reflects a decrease in hunting 
activities, we cannot yet explain the cor- 
responding increase in camelid utiliza- 
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Fig. 4 (left). Cranium of Agalmaceros blicki 
from San Pedro de Cajas, Junin. Scale bar, 5 
cm. Fig. 5 (right). (a) Astragalus of cf. 
Parahipparion (Hyperhippidium) peruanum 
and (b) first phalanx of Parahipparion (Hyper- 
hippidium) peruanum, both from level 7 of 
Uchcumachay Cave. 

tion. One reason for this is that the in- 
crease in Camelidae through time at Uch- 
cumachay Cave is correlated with an 
increase in the percentage of bifacial arti- 
facts and projectile points. If these tools, 
especially the projectile points, reflect 
hunting activity, it seems clear that the 
increasingly intensive camelid exploita- 
tion must be considered in much wider 
terms than domestication. For this rea- 
son we present four models that can be 
used to interpret the phenomenon of pri- 
mary camelid utilization (that is, a great- 
er than 80 percent dietary dependence on 
the Camelidae) during the preceramic 
period in the Central Peruvian Andes. 

1) Specialized hunting, characterized 
by primary dependence on the wild Ca- 
melidae [any or all of L. vicugna, L. 
guanicoe, L. huanachus cacsilensis 
(guanaco), wild forms of L. glama, L. 
pacos, or others], together with infre- 
quent exploitation of other species. The 
social organization and territorial behav- 
ior of the wild Camelidae provide opti- 
mal conditions for the development of a 
stable specialized hunting economy. The 
vicufia, the most extensively studied of 
the wild Camelidae (30, 31), and prob- 
ably the guanaco (32-34), have a social 
organization based on family groups 
composed of a single adult male and four 
to seven adult females. The male main- 
tains his family unit within a clearly de- 
fined territory, which he defends against 
all other family groups and solitary males 
and from which he expels both male and 
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female juvenile members. These terri- 
tories are maintained in essentially the 
same place at all times throughout the 
year, and year after year, and provided 
the pressure exerted by the human popu- 
lation remains below a certain level, rep- 
resent a spatially and numerically stable 
supply of meat protein. Vicuia and gua- 
naco territories are interspaced (35), and 
both animals would probably have been 
jointly available before their dis- 
placement or destruction as the result of 
human activities. What this means is that 
early humans in the Andes could have 
developed a specialized hunting econo- 
my based on primary camelid utilization 
simply by judicious hunting of the highly 
predictable and territorially stable wild 
camelid populations, and sedentarism 
could have occurred as a result. The 
hunting technique utilized would most 
likely have been the ambush of individ- 
ual animals, as surround hunting would 
destroy the stability of local camelid ter- 
ritories. 

2) Control of semidomesticated Ca- 
melidae, characterized by primary de- 
pendence on herds of semidomesticated 
or half-tamed animals in which breeding 
with wild animals regularly occurs, creat- 
ing a single gene pool, together with 
negligible exploitation of other species. 
This situation could closely parallel that 
described for Chuckchi reindeer-herding 
by Leeds (36, p. 95): "Chuckchi reindeer 
are only half tamed. Though they differ 
slightly in appearance and morphology 

from the wild reindeer, they appear to 
have no specific traits dependent on their 
association with man. They interbreed 
freely with the wild deer, an event con- 
sidered highly desirable by Chuckchi 
herders." 

In the case of the Camelidae a similar 
situation could exist as a result of the ex- 
tension of human control over the al- 
ready naturally delimited territories of 
the wild Camelidae. Experience with vi- 
cuias at Pampa Galeras in Peri (35) has 
shown that overhunting, and not the 
presence of human population, is the crit- 
ical factor that causes the abandonment 
of family territories and removal to more 
distant and inaccessible regions. At- 
tempts to control wild camelid popu- 
lations could have begun either prior to 
or as the result of territorial abandon- 
ment caused by overhunting or the pres- 
ence of domestic dogs. The objective of 
such control would be to maintain the 
balance between the human population 
and the meat supply within a given area, 
and the emphasis would be on limiting 
the territorial dispersal of the wild ani- 
mals, not on breeding control. Cross- 
breeding between semidomesticated fe- 
males and wild solitary males and ex- 
change between the semidomesticated 
and wild populations would occur. Herd 
attrition would be caused principally by 
wild males stealing semidomesticated fe- 
males. 

It should be noted that, contrary to 
popular belief, interbreeding between all 
the wild and domestic forms of modem 
Camelidae produces fertile offspring (37, 
38). The karyotype for all four species is 
2n = 74, a factor which facilitates the 
crosses (38) and raises some question as 
to whether we are dealing with one single 
or four distinct species (37). Examples of 
male vicufias stealing female alpacas to 
form a family are known (39) and the fe- 
cundity of the pacovicufia (L. pacos x 
L. vicugna) is well documented (38). Ca- 
brera and Yepes (40) comment on the 
existence and fertility of llamavicufias 
(L. glama x L. vicugna) and llamagua- 
nacos (L. glama x L. guanicoe), and 
studies of the vicufiaguanaco (L. vi- 
cugna x L. guanicoe) are under way in 
Argentina (39). Crossbreeding between 
llama and alpaca (L. glama x L. pacos) 
commonly occurs, producing the huarizo 
or misti (40, p. 80). The family structure 
and territorial defense mechanisms de- 
scribed for the present-day wild Ca- 
melidae exist in these hybrids as well as in 
the herds of llama and alpaca and are im- 

portant factors in the low reproductivity 
rates of these animals (39, 41). This sug- 
gests that whatever the ancestral form of 
the domestic Camelidae was-guanaco, 
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vicuna, wild llama, wild alpaca, or oth- 
ers-their territorial behavior patterns 
were probably very similar to those ex- 
hibited by the vicufia and guanaco today. 

3) Herding of domestic Camelidae, 
characterized by primary dependence on 
such herds and negligible exploitation of 
other species. This implies not only hu- 
man control over the territorial dis- 
position of the animals but also the exer- 
tion of strict breeding control, which led 
to the development of both the llama and 
the alpaca and subsequently of special- 
ized breeds such as the suri and huacaya 
alpacas. The culmination of this process 
was seen in the pure herds of the Inca 
empire, herds which have not been 
equaled since the Spanish invasion. 

4) Hunting of wild Camelidae and 
herding of semidomesticated or fully do- 
mesticated Camelidae (or both), together 
with negligible exploitation of other spe- 
cies. Any combination of the three pre- 
ceding models is possible and most likely 
the norm in a primary camelid exploita- 
tion economic adaptation. Presumably 
the hunting of vicunias for their fine wool 
and guanacos for their prized meat (40, 
p. 76) was always practiced. 

Camelid Domestication: A Model 

Although the four models of primary 
camelid utilization presented above have 
been considered separately, the first 
three represent sequential stages which, 
when integrated with model 4, form a 
single model (Fig. 6) that explains some 
of the factors and processes that led to 
camelid domestication and the establish- 
ment of herding economies in ancient 
Peri. The territorial and social organiza- 
tional characteristics of wild Camelidae 
are key elements both in the devel- 
opment of a specialized hunting econo- 
my from an earlier generalized hunting 
pattern, and in the origin of human con- 
trol over these territories which led to 
the appearance of semidomesticated ani- 
mals. Increasing territorial control result- 
ed in increased breeding control and the 
development first of domesticated Ca- 
melidae, and thereafter of specialized 
breeds. 

Latcham (42) has suggested that the 
center of camelid domestication was in 
the Lake Titicaca region of southern Pe- 
rd and Bolivia, but there is no archeologi- 
cal evidence from the preceramic period 
with which to test this hypothesis. The 
fact that this region contains the greatest 
concentrations of domestic Camelidae 
today does not prove that it was a center 
of domestication, because the present- 
day distribution is in part the result of 
29 OCTOBER 1976 

economic disturbances that began with 
the Spanish invasion and culminated in 
the disappearance of the llama and al- 
paca, as well as guanaco and vicuia, 
from many parts of Peru and Bolivia. 
One area where Camelidae were once 
abundant but have been supplanted by 
sheep is the Puna of Junin (Table 2). As 
noted above, the Puna of Junin forms a 
natural corral with ecologically optimum 
conditions for the support of large and 
seasonally stable camelid populations. 
This circumstance provides the neces- 
sary conditions for the development of 
camelid domestication according to our 
model. The hypothesis that the Puna of 
Junin could have been a center of camel- 
id elid domestication is partially substan- 
tiated by the great quantities of camelid 
bones which have been recovered from 
various preceramic sites in the Puna 
(Table 2). Although it has been impos- 
sible to determine which forms (or spe- 
cies) of Camelidae were represented in 
these sites because of the many prob- 
lems concerning the taxonomy, genetics, 
and comparative osteology of these ani- 
mals, we believe there.are two points of 
reference that relate the increase in ca- 
melid utilization during the preceramic 
period in the Puna of Junin to our model 
(Table 3). First, period 4 (7,000 to 5,500 
B.C.) (Table 2) probably represents a 
generalized hunting economy, and sec- 
ond, in period 7 (2,500 to 1,750 B.C.) we 

SPANISH INVASION 

Appearance of distinct breeds of domestic 
Camelidae 

HERDING OF DOMESTIC CAMELIDAE 

Increasing human control over breeding in 
semidomesticated Camelidae 

CONTROL OF SEMIDOMESTICATED CAMELIDAE 

Increasing human control over camelid territories 

SPECIALIZED HUNTING OF CAMELIDAE 

Increasing knowledge of camelid territorial and 
social behavior 

GENERALIZED HUNTING 

Fig. 6. Developmental model for the process 
of camelid domestication in the puna life zone 
of the Central Andes. 

have evidence of domestic Camelidae 
(23, 25). In between, the process of ca- 
melid domestication took place, and we 
propose that period 5 (5,500 to 4,200 
B.C.) may represent a trend from special- 
ized hunting toward semidomesticated 
Camelidae and that period 6 (4,200 to 
2,500 B.C.) includes the change from 
semidomesticated to domestic Cameli- 
dae. This may explain, in part, the in- 
crease in both projectile points and Ca- 
melidae bones through time; much work 
remains, however, to test this hypothe- 
sis. 

Osteological Implications 

The problems of distinguishing be- 
tween the bones of L. glama, L. pacos, 
L. guanicoe, and L. vicugna even as we 
now know them are complex. We know 
of no complete comparative study of the 
osteology of these animals that has been 
published, and the few documented cra- 
nial characteristics that can be used for 
visual separation (43) are rarely pre- 
served among the fragmentary archeolog- 
ical remains. If one were to accept the 
conclusion of Herre (43) that L. gua- 
nicoe is the ancestral form of L. glama 
and L. pacos, as well as the largest of the 
Camelidae, it would be expected that the 
first detectable change in the bones to oc- 
cur with domestication would be the ap- 
pearance of an alpaca form intermediate 
in size between the large L. guanicoe 
and the small L. vicugna. Appearance of 
this intermediate domestic form would 
be recorded in terms of size variation in 
the bones of Camelidae preserved in ar- 
cheological sites. This size variation is a 
factor which Wing (44, 45), accepting 
Herre's conclusion, has interpreted as 
one indicator of domestication. 

However, the size variation found 
among the bones of fossil Camelidae in- 
dicates both forms of the same size as 
modem vicufias, guanacos, alpacas, and 
llamas as well as considerably larger 
Camelidae up to the size of a modem 
dromedary (26-29). This suggests that 
other ancestral forms of the present do- 
mestic Camelidae may have existed, and 
raises some question concerning the via- 
bility of osteometric analysis as a tool for 
determining the origins of camelid do- 
mestication. This problem is further com- 
plicated by the presence of a small Peru- 
vian guanaco, Lama huanachus cacsi- 
lensis Lonneberg 1913 (21, pp. 34-35; 
46), which has molars smaller than those 
of alpaca (46) but larger than those of vi- 
cufia. The range and distribution of this 
animal have apparently not been studied 
(nor have those of the other, larger Pe- 
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ruvian guanaco), but the possibility of its 
presence in archeological faunal samples 
must be considered. Guanaco and vi- 
cufia ranges are interspaced (35), and 
presumably both would have been uti- 
lized if specialized hunting was being 
practiced. If the small guanaco were 
present, size variation would be found in 
the resultant faunal remains which, fol- 
lowing the conclusions drawn from 
Herre (43), could be interpreted as in- 
dicative of domestic animals. Semi- 
domesticated Camelidae would not ex- 
hibit any difference in size variation from 
the wild animals with which they cross- 
breed, and a similar lack of size variation 
should also characterize herds of domes- 
tic Camelidae. Again, following the con- 
clusions drawn from Herre (43), faunal 
remains from either of the two preceding 
cases might be interpreted as indicative 
of wild Camelidae. Much more work on 
the osteometry of modem, archeologi- 
cal, and paleontological Camelidae is 
needed before we can determine what 
forms of Camelidae existed and reliably 
identify those forms from bone shape 
and size. Meanwhile, nonmetrical tech- 

niques may provide more exact results. 
Pollard and Drew (47) analyzed sam- 

ples of the bones of modem Camelidae 
from collections of the American Muse- 
um of Natural History, New York, exam- 

ining petrological thin sections of bone 
under polarized light. Although "the 
bones available were mostly from zoo an- 
imals and the results were somewhat ob- 
scured by the pathologic condition of 
some of the specimens" (47, p. 300), 
their results indicated the existence of 
some observable differences in the bone 
structure of the animals sampled. They 
suggested that "adult domestic animals, 
whether through lack of exercise, poor 
nutrition, genetic deterioration, or a com- 
bination of these factors, lack sufficient 
bone material to develop the sturdy 
bones characteristic of adult wild ani- 
mals" (47, p. 300), and that this results in 
observable structural differences in their 
bones. However, examination of a large 
control sample of llama, alpaca, gua- 
naco, and vicufia bones of known vari- 
ety, age, sex, and dietary and health his- 

tory and from their natural habitat is 
needed before we can begin to under- 
stand what these observable differences 
really signify and before we can reliably 
apply this technique in the analysis of ar- 
cheological material. 

The examples we have cited are but a 
few of the problem areas in dealing with 
osteological material from archeological 

sites and the question of camelid domes- 
tication. New techniques will undoubt- 
edly help to solve them, but we must al- 
ways remember not to separate the 
bones from the animals in our analysis 
and interpretation of archeological fau- 
nal remains. 

Summary 

The analysis of animal bones recov- 
ered from preceramic period deposits at 
Uchcumachay Cave and other sites in 
the Puna of Junin has documented the de- 
velopment of an economy involving pri- 
mary camelid utilization beginning 
around 5,500 B.C. and culminating with 
the appearance of domestic forms be- 
tween 2,500 and 1,750 B.C. A model that 
can be used to explain this process in 
both the Puna of Junin and the Central 
Andes has been presented. 
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