
caprids are still very weak and there are many gaps in our 
knowledge of sheep and goat exploitation strategies in 
ancient China.

Yinxu in the city of Anyang, Henan Province is the 
site of the late Shang Dynasty capital. The Institute of 
Archaeology, Chinese Academy of Social Sciences has 
conducted excavations at Yinxu for many years, which 
unearthed large numbers of animal remains from the 
sites of Guojiawan 郭家湾 and Xiaomintun 孝民屯 at 
Yinxu, including a large number of caprid bones. Through 
the zooarchaeological analyses of sheep and goat bones 
unearthed at these two sites, this paper investigates caprid 
consumption and exploitation strategies used by residents 
at the late Shang capital. This paper also discusses the 
sources of the animals consumed at Yinxu and issues 
related to the animal management strategies at that time. 

Past theory on the age structure and the management 
strategies of the sheep and goats

People raise sheep for many different purposes. The 
British scholar Sebastian Payne (1973) argues that three 
main goals of raising sheep – the production of meat, 
milk, and wool – can be differentiated from one another 
by studying slaughter profiles and the age structure 
of the death population. Payne presents survivorship 
curves for each of the three potential herd management 
strategies, showing the expected survivorship of animals 
at different age stages. Payne also notes that the goal of 
raising sheep and goats is usually not limited to a single 
animal product and that religious and cultural factors will 
influence slaughter patterns. The three model survivorship 
curves provided by Payne represent situations under ideal 
conditions. The actual slaughter patterns will vary due to 
specific contextual factors. 

In general, if sheep and goats were raised and 
consumed locally, seasonally occupied sites will only 
contain bones from animals in one or two specific age 
groups. Continuously occupied sites will contain bones 
from animals of all ages. If sheep and goats were raised 
locally, but were both consumed locally and sold outside 
of the site, several situations could take place. If the main 
goal was to sell meat, then there will be comparatively 
fewer animals of optimal market age in the excavated 
remains. Moreover, we should find some newborn lambs 
that died of natural causes as well as a large number of 
elderly individuals that were killed because they were no 
longer of prime reproductive age. If the main goal was 
to raise animals for their milk or dairy products, then 
herders would have sold male lambs and older females 
that could not reproduce or produce milk, so the bones 
of young males and old females will be rare. If the main 
goal was to raise animals for wool, herders not only 
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General introduction

Caprids, including sheep and goats, are one of the six 
ancient Chinese domesticates (horse, ox, sheep/goat, pig, 
dog, and chicken). They are also a highly valued livestock 
that can provide a variety of animal products for human 
use. Domestic sheep and goats are herbivores that feed 
primarily on wild grasses, supplemented with foddering 
with cereal straw. Sheep and goats do not compete for 
food with other traditional domesticates such as pigs 
and dogs. Therefore, the emergence of domestic caprid 
exploitation marks the development of a new stage of 
animal husbandry in which people began to develop new 
plant resources that could be used to help raise these 
animals.

Domestic caprids were introduced to China from 
the West between 3600–3000 BCE probably through 
the Gansu and Qinghai regions. These animals first 
emerged within the larger Central Plains region during the 
Longshan Age, and herding developed gradually through 
the late Shang Dynasty. However, compared to researches 
on domestic pigs, zooarchaeological researches on 
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Age Stage dp4 P4 M1 M2 M3

I (0–2 months old) C-a C, V

II (2–6 months old) a-h E-a

III (6–12 months old) f-m b-g C-a

IV (1–2 years) g-n C-a d-h b-f C-a

V (2–3 years) n C-h g-j c-g b-d

VI (3–4 years) f-j g-n e-g e-f

VII (4–6 years) f-l g-o g g

VIII (6–8 years) h-l k-o h-k g

IX (8–10+ years) k-l m-o k-n h-m

Table 1   Relationship between tooth eruption and wear 
stage and age at death for Ovis/Capra

would have sold wool and cloth, but would have also 
slaughtered or sold older animals that did not produce 
much wool or produced poor quality wool. An important 
line of evidence that people were raising sheep and goats 
onsite is the discovery of newborn lambs or ewes with 
unborn fetuses in their bellies. If the residents at a site did 
not raise their own animals and instead relied on external 
sources, then the age ranges for animals at the site will be 
more constrained, with most individuals at prime market 
ages and with relatively few animals at prime breeding 
ages. 

Zooarchaeologists can infer the age of an animal at 
the time of death by looking at the degree of epiphyseal 
fusion of long bones, fusion of sutures in the skull, tooth 
eruption and wear patterns, and horn development. Of 
these, the best type of data for judging the age of an 
animal comes from examining mandibular tooth eruption 
and wear. Large numbers of caprid mandibles have been 
found at Yinxu that provide an excellent source of data 
for analyzing caprid ages at death. This paper only uses 
observations, statistics and quantitative analyses on the 
tooth eruption and wear patterns of the sheep and goats 
for the everyday mutton consumption by the residents 
at Yinxu during the late Shang period to discuss the age 
structure of the death population, while analyzes the age 
structure for the population of sheep and goats buried 
in tombs by including additional data based on rates of 
epiphyseal fusion. This paper identified mandibular tooth 
eruption and wear according to the methods described by 
Annie Grant. 

Payne proposed a method for aging sheep and 
goats based on tooth eruption and wear on mandibles. 
Melinda Zeder made adjustments to Payne’s system for 
recording tooth eruption and wear and for determining 
the age of an animal at death. Drawing on the methods 
of these scholars, I have listed the relationships between 
mandibular tooth eruption and wear stages and ages of 
death for sheep and goats in Table 1. 

The analyses of the caprid remains excavated from 
Xiaomintun and Guojiawan Loci

The caprid remains from Yinxu can be divided into two 
groups: those excavated from stratigraphic layers, ash pits 
and fill from building foundations, and those excavated 
from sacrificial contexts and burials. They are analyzed 
separately. For the first group of remains representing 
everyday living activities, this paper calculated the 
number of identified specimens (NISP), the minimum 
number of individuals (MNI), and ubiquities. The method 
for determining ubiquity draws on methods used in 
paleoethnobotany. This paper calculated the percentage 
of excavation contexts that contained caprid bones out 
of all excavation contexts in order to discuss the extent 
of human exploitation of sheep and goats. Ubiquity can 
be associated with NISP and MNI counts to more fully 
reveal the degree of importance of different animals. The 
remains of animals sacrificed in ritual contexts and burials 
were mainly complete skeletons or articulating limbs so 
only MNI counts were used to quantify these remains.

For the Xiaomintun locus, domesticates account for 
a majority of mammal remains unearthed from contexts 
associated with daily life. The NISP for domestic animals 
is more than 93% of all identified mammal bones. MNI 
counts from the Yinxu phases I and II are relatively small. 
However, in both the Yinxu phases III and IV over 93% 
of mammal remains are domesticates. In terms of the 
most common mammal remains at Xiaomintun, caprids 
are ranked immediately after pigs and cattle. The NISP 
for sheep is 1349 individuals. The NISP for goats is 52 
individuals. The ratio of sheep to goats is 21:1, indicating 
that goats made up only a small proportion of caprids at 
the site.

Table 2 shows the proportion of caprid remains out of 
the total mammal remains from Xiaomintun. During the 
Yinxu phase I, the proportion of caprids in the collection 
was fairly small, but starting in the Yinxu phase II 
through the Yinxu phase IV, caprids made up 14-19% of 
the identified mammal remains. The MNI counts remain 
fairly stable through time, comprising 13-18% of the 
total collection. At the Guojiawan locus, the NISP for 
sheep and goats was smaller than that at Xiaomintun. 
MNI counts for Guojiawan are fairly similar throughout 
all time periods. In the complete Yinxu collection for all 
time periods, caprids made up more than 10% of mammal 
remains. It is clear that in terms of meat consumption, the 
proportion of sheep and goat meat in the diets of people 
at Yinxu did not fluctuate through time. Although caprid 
meat was not as significant in the ancient diet as pork and 
beef, caprids nevertheless were always important meat 
resources. This shows that the scale of the sheep herding 
industry may have been relatively stable. 

Additionally, ubiquities for caprids from Xiaomintun 
and Guojiawan show that in Yinxu phases I and II, the 
ubiquity of caprid bones was over 53% of contexts. This 
percentage increases greatly in Yinxu phases III and IV 
where it reaches over 80%, representing an upward trend 
(Figure 1). In the earlier time periods, the ubiquity rate for 
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Yinxu Culture phase Xiaomintun locus Guojiawan locus

NISP % MNI % NISP % MNI %

I 21 6.29 3 13.64 25 10.77 3 13.04

II 121 19.2 6 16.22 30 10.19 3 15

III 4222 14.54 140 14.55 90 4.59 9 10.11

IV 1621 16.96 58 17.63 63 7.79 6 14.29

Date Unknown 3 17.65 10 9.8

Total 5988 15.13 207 15.33 218 6.43 21 12.07

Table 2   Caprid NISP, MNI, and percentages out of the total mammal remains excavated from contexts associated 
with daily life at Xiaomintun and Guojiawan

Figure 1  Ubiquity for caprid bones excavated from Yinxu.

caprids is relatively low. This may be 
due to the smaller number of cultural 
remains from early time periods 
and may also indicate that residents 
of Yinxu ate less sheep and goat 
meat during the earlier time periods 
compared to later time periods. In 
terms of the different excavation 
contexts, the ubiquity for caprids from 
Xiaomintun was higher than from 
Guojiawan during Yinxu phases II and 
III. Looking at the overall pattern for 
the entire Yinxu period, it was fairly 
common for people to eat sheep and 
goat meat even though caprid meat 
was not as large of a component of 
the diet as pork and beef.

In addition to comprising a large 
par t of the die t for res idents a t 
Yinxu, caprids were also commonly used as sacrificial 
animals in a variety of religious offerings and funerary 
rituals. Numerous ritual activities took place during 
the late Shang. In terms of the treatment of sheep and 
goats, people either buried complete and partial animals 
or included animals as offerings in tombs. No other 
means of sacrificing caprids have been found other than 
these two methods. In the first method, ritual sacrifices 
were made in which people placed complete or almost 
complete skeletons into sacrificial pits. In the second 
method, people placed animals as offerings into tombs. 
For the second method, complete animal skeletons are 
never seen and the offerings were complete skulls, but 
more usually legs, leading some scholars to believe that 
the offerings are linked to the funerary ritual of “dian cui 
( 奠竁 )”mentioned in historical records, which meant 
these animal limbs or skulls had been the meat sent by 
the mourners at the moment of interment. This point of 
view would be right, and the caprid skulls and legs would 
be intended for the deceased to enjoy in the afterlife. 
Sacrifices of sheep and goats were commonly mentioned 

in past Yinxu excavation reports. According to Yuan and 
Flad (2005), caprid sacrifices outnumbered pig sacrifices, 
but were not as common as dog, horse, and cattle 
sacrifices. As of now, no caprid sacrificial burials have 
been found at the workshop zone within Xiaomintun, 
indicating that sheep burials may not have been used or 
were used only rarely in sacrificial rituals at this part of 
the site. Two types of animal offerings have been found 
in tombs at Yinxu. The first were complete dog skeletons 
representing animal sacrifices. The second were meat 
offerings including cattle, sheep/goats, and pigs. Out of 
the animals used as meat offerings, caprids were the most 
frequent (Table 3). The importance of sheep and goats in 
sacrificial rituals may be one of the main reasons for the 
stable development of the caprid herding industry during 
the late Shang period. 

The raising strategy and consumption of sheep and 
goat in Yinxu area reflected by the age structure of the 
caprid remains found in Xiaomintun and Guojiawan loci

Data on the ages of death for caprids consumed by 
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Sheep/goats Cattle Pigs Horses

Yinxu Western District
Number of tombs 40 18 11 1

MNI 40 18 11 2

Guojiazhuang
Number of tombs 1 19

MNI 2 19

Xiaomintun
Number of tombs 13 9 27

MNI 13 9 27

Other loci Number of tombs 7 10 2

MNI 14 11 2

Total
Number of tombs 61 56 40 1

MNI 69 57 40 2

Table 3   Numbers of tombs containing different domesticates and their MNI counts

Age 
stage

Left mandible Right mandible Total

NISP % NISP % NISP %

I 0 0 0

II 0 0 0

III 1 20 1 33.3 2 25

IV 1 20 1 33.3 2 25

V 0 0

VI 1 20 0 1 12.5

VII 2 40 1 33.3 3 37.5

VIII

IX

Total 5 100 3 99.9 8 100

Table 4  Age distributions for caprids from daily life 
contexts at Xiaomintun, Yinxu phase II

Age 
stage

Left mandible Right mandible Total

NISP % NISP % NISP %

I 0 0 0 0

II 6 5 5 4 11 4.5

III 33 27.7 23 18.5 56 23

IV 44 37 49 39.5 93 38.3

V 11 9.2 12 9.7 23 9.5

VI 10 8.4 15 12.1 25 10.3

VII 8 6.7 14 11.3 22 9.1

VIII 2 1.7 1 0.8 3 1.2

IX 5 4.2 5 4 10 4.1

Total 119 99.9 124 99.9 243 100

Table 5   Age distributions for caprids from daily life 
contexts at Xiaomintun, Yinxu phase III

late Shang residents at Yinxu mainly come from contexts 
associated with daily life at the Xiaomintun site. Very 
few mandibles have been unearthed to date from early 
period contexts at Xiaomintun. For Yinxu phase I, only 
one mandible aged to stage III (6–12 months old) has 
been found. Due to the lack of data from phase I contexts, 
this paper only analyzes the age data based on mandibles 
unearthed from Yinxu phases II through IV contexts 
(Tables 4–6).  

Xiaomintun i s d iv ided in to the southern and 
northern district. The data show that caprid bones were 
relatively rare in the northern district. Although there 
are comparatively more caprid bones in the northern 
context from Yinxu phase IV, there are still only twenty 
total specimens from that context. The analyses showed 

that the age of death structure for the caprids from the 
northern district is similar to that for the southern district. 

There is no notable difference between the numbers 
of left and right mandibles from Yinxu phases II through 
IV. Both show similar age distributions, indicating that 
the two sides of the mandible do not influence the age 
structure for the death population in different ways. 
Therefore the data from the two sides can be combined. 
The age structure of the death population at Xiaomintun 
may more fully represent the age structure of sheep and 
goats consumed by residents living in the area during 
the Yinxu period. It is possible to construct survivorship 
curves according to the number of individuals surviving 
to each age stage. Because the age structure is roughly the 
same during Yinxu phases III and IV, this paper divided 
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Age stage
Left mandible Right mandible Total

NISP % NISP % NISP %

I 0 0 0 0 0 0

II 2 3.6 2 4.3 4 3.9

III 20 35.7 21 44.7 41 39.8

IV 19 33.9 14 29.8 33 32

V 3 5.5 2 4.3 5 4.9

VI 4 7.1 4 8.5 8 7.8

VII 4 7.1 3 6.4 7 6.8

VIII 1 1.8 1 2.1 2 1.9

IX 3 5.4 0 0 3 2.9

Total 56 100.1 47 100.1 103 100

Table 6  Age distributions for caprids from daily life contexts at 
Xiaomintun, Yinxu phase IV

Figure 2  Survivorship curves for caprid remains excavated from daily life 
contexts at Xiaomintun during the Yinxu culture period. It can 
be compared with Payne’s model survivorship curve for a meat 
exploitation herd management strategy (Payne 1973:282, fig. 1, 
the bottom graph). 

the Xiaomintun data into “early” and “late” 
stages and calculated survivorship rates for 
each age group within these two time periods 
(Figure 2). 

I t i s c l e a r f r o m F i g u r e 2 t h a t t h e 
survivorship curves for the early and late 
period Xiaomintun assemblage are very 
similar to the survivorship curve that Payne 
proposed for a meat exploitation slaughter 
profile. The results show that a majority of 
animals were killed at stage IV and earlier 
(younger than two-year old), with over 60% 
of animals killed between six months and 
two years of age. Adult individuals over three 
years old only account for a small number of 
the slaughtered animals, not even reaching 
25%. Most of these adult animals were killed 
between three- and six-year old. The data 
show that consumption patterns for residents 
at Xiaomintun match a typical slaughter 
pattern for meat production. Although the 
primary goal was to raise sheep and goats 
for meat, people could have also obtained a 
certain amount of milk, wool, or hides from 
the animals. However, these other products 
may have been of lesser importance since the 
main goal was evidently meat production. 
The sample size for the early Yinxu period 
is still too small for the final conclusions, 
but from the limited results listed here the 
survivorship curve also seems to fit a meat 
exploitation pattern. 

At Guojiawan, the number of mandible 
specimens that could be assigned age stages 
was small. For the entire Yinxu period 
only 32 specimens were assigned age 
stages. Nineteen specimens (59.3%) were 
slaughtered at three years of age or younger. 
This situation is similar to Xiaomintun and 
shows that residents were mainly consuming 
prime-age sheep and goats that had not yet 
reached old ages. 

Additionally, no 0- to 2-month old lambs 
or kids and very few 2- to 6-month old lambs or goat 
kids were identified at either Xiaomintun or Guojiawan. 
These results may indicate that people consumed sheep 
and goats that they did not raise themselves locally. The 
natural mortality rate for newborn sheep and goats is 
quite high. If Yinxu residents raised sheep themselves, 
there should be a larger number of young animals under 
six months of age. Of course it is important to note that 
the mandibles of younger animals will not preserve as 
well as those of older animals. However, the previous 
analysis of the author of this paper on the pig mandibles 
from Xiaomintun shows that pigs under six months 
old make up more than 10% of specimens, and the pig 
mandibles from individuals under two months of age are 
also found. This shows that the absence of the remains of 

lambs and kids of and younger than two-month old and 
very few discoveries of them between two- and six-month 
old were not due to the poor preservation conditions. As 
mentioned earlier, if consumers at a site mainly rely on 
caprids supplied from external sources, the sheep and goat 
bones found at the site will have a more restricted range 
of ages at death and there will be fewer animals from 
prime reproductive age. This is exactly the case at Yinxu. 
Xiaomintun and Guojiawan were integral parts of the late 
Shang capital. During the earlier periods such as Yinxu 
phases I and II, Xiaomintun was still a town occupied by 
ordinary clan groups. After Yinxu phase II, the northern 
district of Xiaomintun is probably the habitation area 
for both nobility and commoners of that nobility clan. 
The southern district at Xiaomintun became an area with 
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residences for bronze craftsmen and the aristocrats or 
officials who managed the bronze production industry. 
Guojiawan may have always been a town occupied by 
ordinary clan groups. The urban residents at these two sites 
mainly depended on external sources of sheep and goats 
for meat. They could have received animals either through 
exchange, by purchasing animals themselves, or by 
redistribution of caprids obtained through tribute payments 
to Shang royalty or from royally controlled herds. 

The conclusion

The excavation area at Xiaomintun and Guojiawan is very 
large. The age at death structure and resulting slaughter 
profiles for these two sites likely represent the typical 
characteristics of caprid supply and consumption at Yinxu. 
The herders who supplied Yinxu residents with sheep and 
goats mainly raised their animals for meat. To a certain 
extent this shows that the main goal of sheep and goat 
exploitation strategies during the late Shang may have 
been to produce meat products. During the late Shang, a 
professional herding economy may have emerged with 
the primary purpose of supplying urban residents with 
sheep and goat meat. This situation may reflect the Shang 
state economic system in which cities were not self-
sufficient and depended on rural supplies of meat. These 
advancements in herding practices are the product of 
urbanism and the development of ancient Chinese society 
to a state level civilization. Currently there are no data 
from late Shang rural sites so it is not possible to make 
a comprehensive analysis of the differences in the sheep 
industry in various regions. However, sheep and goats 
consumed at the late Shang capital likely came from rural 
sites, regardless of whether they reached the capital as 
tributes or through trade. Therefore, the slaughter patterns 
based on caprid bones from Yinxu can still generally 
represent the nature of caprid herding at that time. Of 
course we currently cannot rule out the possibility that 
in some late Shang regions or sites part of the sheep and 
goat economy involved raising animals for milk or wool 
products. We still require further analysis of additional 
zooarchaeological data, especially for animal bones 
excavated from rural sites within different regions of the 
Shang culture.

Moreover, the ages of sheep and goat remains buried 
in the tombs at Xiaomintun are also investigated and 
analyzed. According to the epiphyseal fusion of limb 
bones, animals were generally killed before reaching 

old ages (two individuals were killed at under 1.5 years 
of age, five individuals were killed at 1–3 years of age, 
and one individual was killed at 3–3.5 years of age). 
Ageing of sacrificed caprid skulls based on tooth eruption 
patterns shows that animals were either killed at 1-2 years 
old or 6-12 months old. The caprid sacrifices in tombs 
at Xiaomintun were all fairly young and may reflect 
the overall age structure of caprids used for sacrificial 
offerings in tombs at Yinxu. Caprid sacrifices were mainly 
young animals and therefore had a similar age structure 
as the animals used in daily consumption by residents at 
the site. It is likely that this represented one aspect of the 
idea “shi si ru shi sheng 事死如事生 (serving the death as 
they were alive)” in the funeral rituals and activities. 
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Postscript

This original article written by Li Zhipeng 李志鹏 was 
published in Kaogu 考古 (Archaeology) 2011. 7: 76–87 
with six illustrations and eight tables. The abridged 
version is prepared by the author and translated into 
English by Katherine Brunson.


