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	NISP
	%NISP
	MNI
	%MNI

	Pig
	31
	9.8
	5
	15.6

	Dog
	1
	0.3
	1
	3.1

	Horse
	4
	1.3
	1
	3.1

	Sheep
	134
	42.5
	12(13)
	37.5(37.1)

	Deer
	9
	2.9
	4(5)
	12.5(35.7)

	Cattle
	136
	43.2
	9(10)
	28.1(10.6)

	Total
	315
	
	32(35)
	


Table 1: NISP, %NISP, MNI and %MNI for all species


Pie chart 1: %NISP of the 6 species


Bar chart 1: MNI of the 6 species
Title: Butchery and Bone fractures
Background of the data collected
The bones collected are come from the Monnow Street of Monmouth, which is located in south east Wales. This historic road is a typical market street that has existed since the Roman times. It is also known as the “Great Causey” in the Middle Ages and it is famous for livestock trading and the prosper of market stalls. The market used to be concentrated in the middle region in the past while it has relocated to the northern end of the road later and become the Monnow Street now. Archaeological investigations at the Monnow Street has been carried out in recent years and are conducted by the Monmouth Archaeological Society.

As shown in Table 1, the total Number of Identified Species (NISP) is 315 with a minimum number of individuals (MNI) ranges from 32 to 35, including 6 different species which are pig, dog, horse, sheep, deer and cattle. The anatomical parts we collected include radius, femur, humerus, scapular, tibia, M-Carpal, M-tarsal, phalanges, ankle, mid foot, teeth, jaw, top of toes as well as the mid toes. Most of the animals being identified are examples of the major domestic animals nowadays. In this report, I will focus more on butchering and butchering marks, as well as their relationship with the collected data of cattle and sheep. The relative data regarding different skeletal parts of cattle and sheep are being specifically discussed in this report as both cattle and sheep accounts for the majority of specimens and they are the top two most common animals being butchered in the society.

Why NISP and MNI?
Regarding the quantification methods, the most direct and simplest way is to count the number of specimens attributed to each of the taxon, where the taxon can be a family, genus, subspecies, species or a higher taxonomic category. This method is commonly used and is known as the Number of Identified Species (NISP). NISP is calculated by simply counting all the available bones, fragments and intact. In other words, it is an observational unit. NISP is used in the quantification of data in this report as it can truly represent the original and primary data, which can benefit the interpretation and elaboration of data as it is the most direct way to quantify specimens. Besides, NISP is established as an excellent method for quantifying taxonomic abundances.

Apart from raw counting, quantification can also base on the estimation of the minimum number of individuals in the identified assemblages. The definition of MNI is the minimum number of individual animals necessary to account for some analytically specified set of identified faunal specimens. Individual would not be counted twice using the MNI method as the MNI counts are relied on the non-reproducible elements. MNI is calculated by the division of skeletal parts into left and right and using the minimum number as the final estimate. MNI is used in this report because it can provide the most accurate and precise measure of the actual number of individuals, so that the taxon will not be overrepresented, thus the result will be valid.



Data elaboration
It has no doubt that the majority of animals being traded in the market are being butchered and exploited for various reasons. Therefore, cut marks or chop marks are commonly found in the animal bones. First of all, according to the data shown in Pie chart 1, the majority of bones collected are from sheep and cattle, both of them have account for a total of 85.7%NISP among the bones collected. As shown in Table 1, the MNI of sheep ranges from 12 to 13, which is the highest among the 6 species. Bar chart 1 is made using the minimum number of MNI ranges in sheep, deer and cattle. But still, sheep has the higher MNI among all of them, which depicts that sheep is the most common animal being traded as it is essential for the manufacture of meat, milk and wool in our society. As for cattle, its MNI ranges from 9 to 10 in the collected data, which is slightly below the sheep. With reference to Gentry et al. (1996), cattle is valuable and significant for the production of milk, hides, traction-power and meat for human consumption. 

Apart from sheep and cattle, pig and deer also commonly being butchered for their meat and skins. As for dog and horse, their MNI is comparably lower among the 6 species as they are not very common for human consumption. Instead, horse is important to be used for riding and traction while dog is used as an aid in hunting in the past and gradually become a companion animal in recent years.

As mentioned above, human beings have exploited different animals for a variety of purposes. While during the exploitation process, the skeletons of animals are disarticulated and their bones will be broken and being modified variously. In other words, human butchering behaviour has existed for a long time in history and hominids are particularly responsible for the modification of skeletal elements in the animals being butchered.






Bar chart 2: Scapula of different species with butchery marks

What defines butchering?
Regarding the definition of butchering, it is defined as the human modification and reduction of the animal carcass in order to convert it into consumable parts according to Lyman (1987). In this definition, the word “consumable” includes all forms and all kinds of use of carcass products, not only restricted to the consumption of food products. This definition of butchering has especially specified the inclusion of human and emphasized the differences between butchering and faunal processing. Apart from Lyman, Russell (1987) has also defined butchering and stated that the goal of butchery is to achieve the removal of meat from carcasses. While Binford (1978) has argued that Russell’s definition of butchery is too narrow and he has suggested that butchering is a task of dismemberment in the reality, which reflects that the animal being butchered will be partitioned into several sets of bones that will either be transported, abandoned or allocated to other uses until the animal is completely consumed or discarded.

Butchering techniques
The relative activities and actions involved in butchering are being referred as either the butchering techniques or the butchering processes nowadays. With reference to Lyman (1987), there are different types of carcass processing activities for the sake of extracting consumable resources, such as bone, blood, brain, bone grease and marrow extraction, meat extraction (defleshing/ filleting), evisceration, disarticulation (dismemberment), bone juice production, periosteum removal, hide removal (skinning), and sinew or tendon removal. The results of these butchering processes and techniques has gradually become the butchering patterns (Lyman, 1987). 
According to Wheat (1972), there are plenty of zooarchaeological researches between 1950 and 1980 which aim at investigating the human behaviours make up the butchering processes and they have found evidences from the butchering patterns distinguished from the assemblage of faunal remains. Besides, Spiess (1979) and White (1956) also mention that the prehistoric butchers have utilized butchering processes in a pragmatic way with support evidences, proving and implying efficient human activities in the past. But still, there is a lot of factors that will influence the results of the utilized butchering techniques and these factors can be mainly divided into natural factors and cultural factors respectively. The natural factors include prey animals, nature of procurement, spatial relationship of habitation sites, killing sites and processing areas, time of a day, season of the year and also the dietary status of people. On the other hand, the cultural factors include technology, gustatory preferences, preparation and consumption tools as well as the ethnic group involved.

Identifying butchering marks
Concerning the butchering marks, Pat Shipman has done a lot of work regarding this topic and his findings reflect that the marks left by stone tools and the marks left by carnivore and rodent teeth are morphologically different from each other. Pat Shipman suggests that the cut marks created by stone tools has showed specific shapes or patterns. First of all, it will be V-shaped to U-shaped in a cross section, but tend towards the former one. Also, it will be elongate, multiple fine parallel striae will be found on the walls of the mark and may even display “shoulder effects” or “barbs”. The “shoulder effect” here means the small striae that are parallel to the main striation while “barbs” here means having a hook or small barb at one end. All the above attributes have become the primary criteria for the identification of cut marks while they are seldom being used separately to identify the scratches on bones as cut marks due to several reasons. With reference to the collected data, all of the scapula specimens are identified with butchery marks, including 3 species, which is sheep, cattle and pig respectively. As shown in Bar chart 2, both sheep and cattle have the same and the highest number of scapula specimens with butchery marks, showing that scapula is one of the most common sites being butchered in sheep and cattle.

Controversy of identifying butchering marks
[bookmark: OLE_LINK3]Some of the scratches on bones can be caused by the non-hominid processes instead, for example by the gnawing action of carnivores as suggested by Eickhoff and Hermann (1985) or by the trampling of bones on the sandy substrates as suggested by Behrensmeyer et al. (1986, 1989), Fiorillo (1989), Haynes and Stanford (1984). Referring to the collected data, it is found that there is possible marks created by rodent in the femur of some cattle and sheep. Besides, it is also found that there is possible marks created by canine and rodent in the humerus of some sheep and cattle. Haynes (1991) even argues that the butchery marks which produced by Pat Shipman experimentally are not created during the butchery of the animal carcass, the marks on the defleshed bones are claimed to be made intentionally instead. Due to this controversy, analysts have come up additional attributes for identifying the marks. One of the most significant new attributes suggested is the anatomical orientation and location of the mark as mentioned by Lyman (1987), Gibert and Jimenez (1991), Noe-Nygaard (1989). Besides, Bromage and Boyd (1984) also claim that the direction where the cut was made and the handedness of the butcher should be considered as well and examination of the mark can be carried out under the microscope as suggested by some researchers. Last but not least, according to During and Nilsson (1991), there are other researchers argue that three-dimensional models of bone surface irregularities can be generated by computer. In this way, the existence of butchery marks can help to determine if the bone was fresh or not when it was being cut.

Criteria for the identification of cut marks
With reference to Guilday et al. (1962), the identification of cut marks is under two major criteria. The first criteria is that the mark have to be “specimen after specimen at the same exact location on the bone precisely”. As for the second criteria, it is suggested that every category of mark need to have a detectable anatomical reason or purpose for its occurrence. In other words, the second criteria is related to an idea which the animals will be butchered in an efficient way. Therefore, each mark must have a purpose or function for its existence. For instance, there are some statements suggest that animals are commonly being butchered at the joints as it is the simplest method according to Read (1971). Besides, Gilbert (1979) also states that following the natural muscle paths of animals and cutting them only at their origins and insertions is the easiest way for us to divide a carcass without any power saws.

Last but not least, one additional criteria for identifying cut marks on bones used by the zooarchaeologists is to consider the anatomical orientation and placement of a mark, as well as the function of the specific category of mark as suggested by its orientation and location. According to Binford (1981), cut marks are usually resulted from 3 kinds of activities, which is disarticulation, skinning and filleting respectively. Firstly, cut marks made by disarticulation are usually found on the articular surfaces or the edges of the ends of long bones, as well as on the pelvic parts or vertebrae surfaces. While cut marks made by skinning are generally found around the shaft of lower legs and phalanges, also on the skull or along the lower margins of the mandible. As for filleting cut marks, they are normally parallel to the long axis of the bone. Most analysts nowadays tend to illustrate each mark on line drawings of the skeletal elements in order to record the orientation and location of the cut marks precisely. Apart from the 3 main types of activities that can create cut marks, bones breakage by hammerstones can also result in butchering marks. As mentioned by Bunn (1982), small and tooth-induced indentations can be produced by a pointed hammerstone at where the bone breaks. Besides, Potts (1982) has also claimed that the hammerstone will create bone flakes which are broader than they are long, as well as having platforms that are broader than they are thick. Furthermore, it is found that there is overlap characteristics between human-produced hammerstone-generated bone flakes and hyena-produced bone flakes.

Pie chart 2: Cutmarks found on radius of different species

Quantification of butchering marks
Regarding the quantification of butchering marks, the frequency of butchering marks is important for the analysis of prehistoric butchery of animals. Rapson (1990) has calculated the quantity of “cut marks per unit area” of the surface of bone specimen in order to measure the cut mark intensity, which accounts for the disparities in bone specimen size and the size of the butchered taxon. Besides, with reference to Bunn and Kroll (1986), they suggest that the frequencies of the cut marks found on different skeletal parts can be related to disarticulation, skinning and defleshing of carcasses directly. Moreover, according to Binford (1988), it is mentioned that the quantity of cut marks, exclusive of the dismemberment marks, can be used as a function for the differential investment in tissue or meat removal. As shown in Pie chart 2, most of the radius specimens of different species are found to have multiple cut marks, giving evidence that radius of sheep and cattle are common skeletal elements being disarticulated, skinned or defleshed. 


Pie chart 3: Types of bone fracture of the tibia

The fracturing of bones
Considering the fracturing of bones, there are several types of bone fracture, including sawtoothed, V-shaped, flaking, irregular perpendicular, smooth perpendicular, spiral, longitudinal and stepped or columnar. With reference to the fracture classification system of Davis (1985), classifying bone fracture is based on 3 major directions, which are the fracture orientation, the fracture surface location and the fracture morphology respectively. 

[bookmark: OLE_LINK2]As shown in Pie chart 3, more than half (around 63%) of the bone fracture type in tibia belongs to spiral split. Besides, cattle and sheep have account for most of the specimens of tibia. With reference to Dart (1957), many taphonomic processes can result in spiral fractures, which include trampling as suggested by Haynes (1983, 1991) ; Myers et al. (1980), hominid activities as suggested by Bonnichsen and Will (1980); Zierhut (1967). Also, both true spiral or helical fractures and horizontal tension failures can be identified as “spiral fractures”. While according to Johnson (1985), the true spiral or helical fracture can only imply that the bone was broken when it was still fresh. In this case, it can indicate that most of the tibia were broken when they are still fresh and functioning, which represents that a majority of cattle and sheep are being butchered when they are still young and alive.

Fracture agents: Feeding carnivores
Bone-gnawing carnivores usually break bones in 2 different ways. Both of the ways involve static loading. The first way is to remove one or both epiphyseal ends of the long bone by gnawing and chewing. In this way, the structural strength of a bone will be greatly weakened. According to Johnson (1985), the gnawing marks, which are in form of punctures and furrows will be remained on the epiphyseal end. While the end of the diaphysis will be scalloped, with pitting and scoring taking place on the diaphysis. As for the second way, with reference to Johnson (1985), it involves chewing a complete bone, at the same time some force will be applied along the diaphysis until achieving the fracturing of bones. Pitting and scoring of the diaphysis is quite normal. If the bones are being fractured in the above 2 ways, it may due to the microstructural or macrostructural features of the bones, or when the bone is green and fresh or somehow dry.

Fracture agents: Hominids
Hominids can cause bone fracture in various ways. All of them has used dynamic loading. According to Johnson (1985), direct percussion can sometimes make “point loading”. Besides, direct percussion can also create percussion pits as suggested by Blumenschine and Selvaggio (1988, 1991), as well as flake scars as suggested by Lyman (1987). The long and fresh bones being broken by dynamic loading will usually make true spiral or helical fractures. The impact or the loading point is the oval or circular depressed area marked by crushed bone or incipient ring cracks.

Fractures due to other agents
Bone fractures can be possibly cause by other agents apart from feeding carnivores and hominids. For example, trampling are likely to result in bone fractures. Besides, the weight of the overburden sediment can also lead to fracturing and crushing of bones. Last but not least, factors like subaerial weathering can possibly induce bone fracture as well. 
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Cutmarks found on radius of different species


multiple	no	horizontal	14	5	1	

Types of bone fracture of the tibia 


Spiral split	Other types of bone fractures	22	13	

%NISP of the 6 species
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MNI of the 6 species
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Scapula of different species with butchery marks
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