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ABSTRACT 

 

Evaluating socioeconomic status in complex societies using zooarchaeological data has 

been the focus of several studies in the past two decades. Taking a novel approach that 

uses a theoretically informed model and food utility indices to facilitate interpretation of 

frequencies of skeletal parts in zooarchaeological collections, this project establishes a 

new method for interpreting the socioeconomic meaning of faunal material in complex 

societies. Newly developed food utility indices for pigs (Sus scofa) and cattle (Bos 

taurus) operationalize the model. The Roman site of Maasplein, Nijmegen, the 

Netherlands is used as a case study to evaluate the new method. A discussion of recovery 

methods and impacts on interpretations of diet are included in addition to a faunal report 

on Maasplein. When applied to the pig remains from Roman villa at San Giovanni di 

Ruoti, Italy (1st-6th century CE), model results indicate that for the early phases of the 

villa, as predicted, there are relatively more high-yield parts, reflecting high status, while 

the last phase contains relatively more low-yield parts. This supports conclusions of the 

original excavators that in later phases of the site, it was operating as a commercial farm. 

Roman Maasplein is a low-status urban site and matching the model’s prediction, the 

assemblage of cattle remains included relatively high frequencies of low-yield skeletal 

parts. These tests of the model demonstrate that food utility indices in conjunction with 

other contextual data can be used to identify socioeconomic status and suggest reasons 

for deviations from expectations of skeletal part frequencies.   
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CHAPTER 1: 

INTRODUCTION 

 

 

 Evaluating socioeconomic status in complex societies using zooarchaeological 

data has been the focus of several studies in the past two decades (e.g., Ashby 2002; 

Crabtree 1990; deFrance 2009; Ervynck et al. 2003; Gumerman 1997). Using a novel 

approach that uses a theoretically informed model and food utility indices to facilitate 

interpretation of frequencies of skeletal parts in zooarchaeological collections, this 

project aims to establish a new method for interpreting the socioeconomic meaning of 

faunal material in complex societies. Food utility indices for pigs (Sus scofa) and cattle 

(Bos taurus) were created to operationalize the model. Throughout the following 

chapters, the Roman site of Maasplein, Nijmegen, the Netherlands is used as a case study 

to evaluate the new method. A larger sample of the faunal assemblage from Maasplein 

than reported in previous studies (Filean 1997, 2006) was analyzed as part of this 

research.  

 

Site Overview: Roman Nijmegen and The Netherlands  

 Pre-Roman Late Iron Age inhabitants of The Netherlands have been characterized 

as segmentary confederations led by warrior-elites and loosely connected through kin and 

non-kin relationships, religious practices and economic alliances (Filean 2006; Roymans 

1990, 1996, 2004). While few Celtic-Germanic groups in the Lower Rhine recognized an 
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institution of kingship, there is evidence of leaders holding limited authority in periods of 

crisis or war (Filean 2006; Roymans 1990). Wealth, or elite economic power, was 

primarily attributed to the control of agricultural resources including land ownership and 

labor management (Filean 2006). Imported Roman prestige goods, as well as locally 

produced elite goods, appear several decades prior to Roman occupation. This 

development is also known as the ‘Oppidum (regional center) phenomenon’ for the proto-

urban settlement patterns that appear in conjunction with these goods (Filean 2006). 

 The turning point in the history of the Romans in the Netherlands was the Gallic 

Wars led by C. Julius Caesar in the middle of the first century BCE (Table 1). Although 

Caesar’s campaigns into the Netherlands began in 57 BCE, it was not until 16 BCE that 

the region of modern Nijmegen was invaded as part of efforts to solidify Roman control 

and end civil wars in the region south of the Rhine River (Whittaker 2002; Willems and 

van Enckevort 2009). Quickly thereafter, the Romans established a military fortification, 

or castra, that housed more than three legions on 42 ha (van Enckevort and Thijssen 

2003). The fort’s location was ideal as it is on high ground, at the fork between two rivers 

that acted as an informal border, at the end of a long-distance trade network, and was 

close to several of native settlements (Whittaker 2002). Within a few years (c. 10 BCE), 

the smaller fortification of Kops Plateau was built; it may have acted as a command post 

(Whittaker 2002).  

 The Early Roman Period (19BCE–c.CE 50–70) is marked by substantial 

socioeconomic changes. The most dramatic changes to the region that accompanied the 

Romans include construction of fortifications along the Rhine River frontier, replacement 

of native warrior culture with a land-owning elite, and the appearance of a market-based 
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economy, taxation and monetary wealth (Filean 2006; Whittaker 2002). During the early 

decades of this period, the management of disrupted political organization, Roman 

resettlement, and periodic famines were left to the existing native elite. However, by the 

middle of the period, the Batavian tribal territory had become a formal civitas, meaning 

that the territory and its inhabitants were legally recognized as land and citizens of Rome 

(Filean 2006).   

 Modern Nijmegen encompasses two settlements (Oppidum Batavorum, and 

Batavodurum) that date to the Early Roman period. Batavodurum may have been a pre-

Roman native settlement that remained fairly small through this period (van Enckevort 

and Thijssen 2003). Oppidum Batavorum, conversely, became a regional center for the 

Batavians and Roman interaction, and was likely founded in the first decade CE (Filean 

2006; van Enckevort and Thijssen 2003). Oppidum Batavorum had become a civitas 

(regional capital) by at least CE 17 when Tiberius placed a commemorative column in the 

settlement (Filean 2006). Civitas capitals were often closely associated with strategic or 

important military encampments and they helped facilitate increasing interactions 

between native and Roman people including trade networks and intermarriage. The 

settlement is estimated to have been about 20 ha in size and was surrounded by a ditch 

(van Enckevort and Thijssen 2003). Construction in Oppidum Batavorum initially 

followed traditional wattle and daub techniques and it was not until the last few decades 

of the Early Roman Period that stone and brick foundations began to appear (van 

Enckevort and Thijssen 2003; Filean 2006). The systematic layout and indications of the 

presence of Gallo-Roman craftsmen attest to the Roman character of Oppidum 

Batavorum. However, the residences of Oppidum Batavorum and local Batavians were 
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about to experience another great upheaval that would have significant consequences for 

the region over the next several centuries.  

 In CE 69–70, in-fighting between local Batavian elites and other Germanic tribes, 

low army wages, and a drought led to the Batavian revolt (van Enckevort and Thijssen 

2003; Whittaker 2002). Oppidum Batavorum and Batavodurum were both destroyed in 

the ensuing military actions. However, the revolt was quickly quashed, and in its wake, 

soldiers of Legio X Gemina were stationed on the site of the earlier castra (van Enckevort 

and Thijssen 2003; Willems and van Enckevort 2009) (Figures 1 and 2). The new castra 

was built of stone and nearby a canabae legionis (military support village) developed for 

the families of soldiers and other military dependents. Eventually, a forum, an 

amphitheater and a cemetery were established near the castra (van Enckevort and 

Thijssen 2003; Whittaker 2006).  

 The revolt marks the beginning of the Middle Roman Period (CE 70–CE 270), 

which was the height of prosperity in Roman Nijmegen. Germania Inferior, which 

includes Nijmegen, became a province between CE 82–90. A new town, Ulpia 

Noviomagus, was founded near the ruins of the former settlement of Batavodurum in CE 

100 (Figure 1) (Willems and van Enckevort 2009; Zee 2009). The new town was granted 

market rights by the Emperor Trajan. Although little is known of the public buildings of 

the Ulpia Noviomagus due to limited excavations, the town covered approximately 30 ha 

in a Roman layout (Whitaker 2002). It was surrounded by a town wall and included a 

public bath, shops, and a large Roman-style twin temple complex dedicated to Mercurius 

and Fortuna (Figure 3). The temples and surrounding properties are collectively known as 

the site of Maasplein, which is the case study for this project. Evidence of metalworking 
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and pottery production, including pottery kilns, provide glimpses into a rich economic 

market (van Enckevort and Thijssen 2003). The large quantity of faunal material that was 

recovered from Maasplein largely dates to the late 2nd and early 3rd century CE and has 

been interpreted as indicating large-scale butchering and meat packaging (Filean 1997; 

van Enckevort and Thijssen 2003).  

 The Legio X Gemina departed the region in CE 103–104 and despite increased 

defenses with the addition of a ditch, periods of turbulence mark the last century of the 

Middle Roman Period (van Enckevort and Thijssen 2003; Willems and van Enckevort 

2009). In CE 170, a substantial fire destroyed the twin temple complex, the baths and 

some high-status residences. Although, habitation and activity continued at the site, it 

appears that high-status properties and temples were not rebuilt. The town was eventually 

abandoned c. 275 following increased pressure from raiding Germanic tribes (van 

Enckevort and Thijssen 2003; Willems and van Enckevort 2009). Constantine prompted a 

resurgence of Roman control in the region at the start of the 4th century (Willems and van 

Enckevort 2009). Military encampments were reestablished near the earlier settlement of 

Oppidum Batavorum, but fading Roman military power at the start of 5th century made 

the presence brief. 

  

Excavation history 

Dutch interest in archaeology and cultural heritage began early and the first legal 

protection decree appeared in 1734 (Whittaker 2002). More extensive work began in the 

1910s and 20s when the temples were first excavated. The cemeteries in West Nijmegen 
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were excavated in 1934 by the Rijksdienst voor het Oudheidkundig Bodemonderzoek 

(ROB) (Dutch National Archaeological Bureau) (Whittaker 2002). Since the 1980s the 

Gemeente Nijmegen Buro Archeologie (GNBA) (Nijmegen Municipal Archaeological 

Bureau) has worked to balance the demands of preservation with the construction and 

growth of the city. Excavations at Maasplein in the early 1990s produced the faunal 

material used in this study. One hundred and two boxes of faunal material are currently 

on loan to Glenn Storey at the University of Iowa and I obtained permission to analysis a 

ten box sample for my dissertation research.   

Before this project, only a small portion of the faunal remains had been analyzed 

(Filean 1997, 2006; Glenn Storey pers. comm. 2013). Identification was completed in the 

University of Missouri Zooarchaeology Lab, Department of Anthropology. Ten boxes 

were randomly selected from the Maasplein collection. I analyzed samples from Units 7, 

12–14, and 16–18 (Figure 4).  The samples from Maasplein primarily represent waste 

from low-status urban occupation. Roman urban sites in Northern Europe were generally 

lower status while elite sites (e.g., villas) were located in the surrounding countryside 

(Cunliffe 1971; Lauwerier 1988; Whittaker 2002). Using a site of known socioeconomic 

status is ideal for early applications of the model because it allows predictions to be made 

about the relationship between food utility indices and skeletal part frequencies. In figure 

5, the elite house and temple complex are shown overlaid on the unit map. Deposits 

directly associated with ritual activity at the temple had been analyzed in earlier research, 

so samples from Units 12–14 and 18 represent other commercial and residential activity 

in the area before the construction of the temples in c.CE 104 or, predominately, after the 

fire in CE 170.  
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Project Overview 

 The following chapters provide a detailed faunal report, discussion of the 

development of food utility indices for two domestic ungulates, and applications of the 

new economic utility model to the faunal sample as exemplification of an historic, 

complex society. Each chapter is designed to be a stand-alone paper and includes a 

separate abstract and reference section. In Chapter 2, I present the findings of the faunal 

analysis of Maasplein, The Netherlands comprising a systematic paleontology and 

summary of taphonomic observations. A version of Chapter 3 was originally published in 

2014 by Archaeometry; it focuses on the impact of recovery methods on species richness 

or the number of taxa. A version of Chapter 4 was originally published in 2016 in 

Archaeological and Anthropological Sciences; it is the first application of the economic 

utility model on a historic faunal assemblage.  It includes background on the theoretical 

basis for the model and an overview of traditional approaches to socioeconomic 

interpretations of faunal material. Also in Chapter 4, a food utility index for pig (Sus 

scrofa) and the application of the model on the Roman site of San Giovanni di Ruoti, 

Italy are presented. The model is further explored in Chapter 5 with the addition of a food 

utility index for cattle (Bos taurus) and applied to the Roman site of Maasplein.  
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Figures 

 

 

Figure 1: Map of Europe showing the location of sites mentioned in the text. 1 
Maasplein, The Netherlands. 2 Forum Hadriani, The Netherlands. 3 Fishbourne, England; 
Thornhill, England. 4 Castle Copse, England; Bath: Bath/Beau Street; Bath: Julian Road; 
Cirencester, England. 5 Bancroft, England; Southward, England. 6 Winterton, England; 
Doncaster, England. 7 Wroxeter, England; Derby, England. 8 Birdoswald, England. 9 
San Giovanni di Ruoti, Italy. 10 Carminiello, Italy; Bolsena, Italy; Lugnano, Italy; Monte 
Gelato, Italy. 11 Cosa, Italy; Settefinestre, Italy. 12 Calvatone, Italy. 
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Figure 2: Map of key sites in Roman Nijmegen from CE 70–c.CE270 (modified from 
Willems and van Enckevort 2009). 1 Fortress of Tenth Legion; 2 Canabae legionis; 3 
Waalkade settlement; 4 Vlaamse Gas settlement; 5 Ulpia Noviomagus; 6–7 Cemeteries. 
A Forum; B Principia (central plaza); C amphitheater; D Mansio (official rest stop); E 
Maasplein including Temples of Mercurius and Fortuna; F Baths; G Temple; H Bridge 
across the Waal.  

 



 
 

10 
 

 

Figure 3: Map showing key excavations and features in southwestern Ulpia Noviomagus 
(modified from Zee 2009) (Region 5 on Figure 2). Colors indicate: excavation areas 
(white), buildings (pink/red), Roman roads (brown) and the ditch (blue). 1 2003 
excavation of Maasplein–Waterstraat; 2/3 1992–1993 excavation of Maasplein (site used 
for this research); 4 1994–1998 excavation of Werutseweg; 5 excavation of Rijnstraat-
Lekstraat 2008–2010.  
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Figure 4: Map of excavation trenches at Maasplein (including unit numbers) (modified 
from van der Velde 1995). 
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Figure 5: Map illustrating the location of the elite house (1) and the temple complex (2) 
relative to the excavation units (white) (modified from Zee 2009).  
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Tables 

Table 1: Timeline of major historical events in Roman Nijmegen.  

Event Date 
Caesar's campaigns into the 
Netherlands 57–53 BCE 
Nijmegen invaded 16 BCE 
Oppidum Batavorum settled CE 17–19 

Batavian revolt, Oppidum Batavorum 
destroyed CE 69–70 

Batavodurum habitation continues or 
begins After revolt 

Germania Inferior became a province CE 80s 

Ulpia Noviomagus officially founded Named CE 100 
Legion leaves CE 103–104 

Fire in Maasplein: elite property and 
temples not rebuilt End of 2nd century  
Depopulation of town late Third century 

Constantine's army sparks resurgence  4th century 
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CHAPTER TWO 

FAUNAL REPORT: 

Material, Methods, Systematic Paleontology, and Taphonomy 

 

 

Abstract 

 Maasplein, Nijimegen, the Netherlands, was a Roman town on the fringes of the 

Empire. Maasplein was occupied from 100 CE to the 4th century, although most of the 

animal remains date to the 2nd and 3rd century. Excavations at Maasplein recovered a 

large number of animal remains, but only a small sample of that material has been 

analyzed until now. This chapter discusses the finds of a recent analysis of the faunal 

assemblage including taxonomic identification procedures and results, taxonomic 

richness, and taphonomy. Domestic mammalian taxa dominate the assemblage and cattle 

(Bos taurus) are the most abundant animal identified. Environmental conditions and cost-

effective meat provisioning for the army have been suggested as possible reasons for the 

dominance of cattle in Northern European Roman sites. Interesting patterns emerge in the 

skeletal part frequencies including a large number of proximal metatarsals. 

 

 

Keywords: Zooarchaeology; Systematic Paleontology; Taphonomy; Roman; Maasplein 
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Material and Methods 

 Excavations at Maasplein recovered a large number of animal remains. The faunal 

assemblage comprises 102 shipping boxes (48 x 34 x 38 cm) of material. The faunal 

remains are currently on loan to the University of Iowa, Department of Anthropology, 

from the Rijksdienst voor het Oudheidkundig Bodemonderzoek (ROB, the Dutch national 

archaeological service). Due to the size of the assemblage and time constraints for this 

project, only a sample has been analyzed. A random sample of ten boxes was selected for 

analysis. The ten boxes were loaned to the Anthropology Department of the University of 

Missouri (MU, hereafter), and all identification and analyses were conducted in the 

department’s Zooarchaeology Laboratory. The lab consists of numerous mammalian, 

avian and fish comparative skeletons as well a reference library, microscopes, probes, 

calipers, and osteology manuals (e.g., Balkwill and Cumbaa 1992; Brown and Gustafson 

1979).  

 Taxonomic classification was based on Wilson and Reeder (2005). Identifications 

were made using comparative skeletons in the MU Zooarchaeology Lab. Specimens from 

domestic animals [cattle (Bos taurus), sheep/goat (Ovis/Capra), pigs, (Sus scrofa) horses 

(Equus caballus) and dogs (Canis familaris)] were identified using comparative skeletons 

of each, supplemented by published anatomical guides (skeletal keys) (Chauveau 1905; 

Getty 1975; Payne 1973; Pasquini and Spurgeon 1989; Schmid 1972).  In this chapter, 

tabulated data include lists of skeletal elements. Terminology for those elements is 

straightforward, with the possible exception that radius and ulna are used when the 

elements are not fused together or fusion could not be determined on the specimen, and 

radio-cubitus is used when they are fused. For juvenile domestic remains, Amorosi 
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(1989) was also consulted. When anatomical completeness allowed, morphometric 

measurements were taken after von de Driesch (1976).  

Domestic food taxa for the Romans were largely cattle, sheep/goat, and pigs. The 

use of cattle, sheep/goat and pigs as food resources is based on extensive 

zooarchaeological data and historical references including Roman cook books (Apicius, 

tr. Flower and Rosenbaum 1958).  Domestic food taxa is a term used by Roman 

zooarchaeologists to refer to the most frequently occurring domestic animals excluding 

horses and dogs (Lauwerier 1988; MacKinnon 2002, 2004; Whittaker 2002).  

In addition to taxonomic identification, several taphonomic features and other 

characteristics (e.g., pathologies, epiphyseal fusion status, tooth eruption stage) were 

recorded. The identification and quantification of taphonomic features has been the focus 

of numerous studies (e.g., Abe et al. 2002; Blumenschine et al. 1996; Domínguez-

Rodrigo et al. 2009; Egeland 2003; Lyman 1994; Orton 2012; Pickering and Egeland 

2006; Shipman 1981; Walker and Long 1977). A clear understanding of the taphonomic 

processes that have modified an assemblage helps zooarchaeologists interpret faunal 

assemblages and allows us to identify potential bias, such as density mediated attrition. 

Both natural modifications (e.g., weathering) and human modifications (e.g., cut marks) 

contribute to the formation of assemblages and are important for the interpretation of 

historic foodways.  

All taphonomic features were identified with oblique lighting and a 10x hand 

lens. Butchering marks were categorized as cut marks, chop marks, slicing marks, saw 

marks, percussion damage, and burning. Taphonomic features on unidentified specimens 

were not recorded. Cut marks were identified based on traits such as narrow v-shaped 
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cross sections, straight or curved trajectories, and shouldering effects (see Domínguez-

Rodrigo et al. 2009 for additional features). Cut marks were differentiated from trampling 

marks, which have wider v-shaped cross sections, sinuous trajectories and lack the 

shouldering effect (Domínguez-Rodrigo et al. 2009). Metal tools are expected in Roman 

butchering and consumption contexts. Metal tools have smoother shaped edges in cross 

section (fewer microstriae) than stone flake tools so there is less possibility for them to be 

misidentified as trampling damage (Boschin and Crezzini 2012; Shipman 1981; Walker 

and Long 1977). Chop marks were defined as deeper strike marks on bone that were 

differentiated from cut marks where a sharp object is drawn across the bone parallel to 

the direction of the cutting edge; chop marks are made when the edge impacts the bone 

and cleaves the bone tissue, sometimes leaving micro striae that are perpendicular to the 

bone surface (Shipman 1981). Chopping can leave flake scars similar to those that are 

more frequently recorded with percussion damage (Lyman 1987). There are Roman relief 

depictions of cleaver tools being used in butchering contexts, suggesting chop motions 

may have been a common method in carcass processing (Figure 1). Scrape marks are the 

result of an artifact being drawn roughly parallel to the long axis of the bone and could be 

the result of a single stroke or multiple chop actions down the shaft; the direction of force 

application is perpendicular to the long axis of the tool’s edge (Shipman 1981). 

Indications of percussion damage included percussion marks, percussion notches, impact 

flakes and flake scars (Lyman 1987; Pickering and Egeland 2006). Sawing was identified 

based on features such as kerf marks, break away spurs and false-start kerfs (Salville et 

al. 2007; Symes 1992). Burning was identified based on thermal changes in color and 

texture (Hanson and Cain 2007). 
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Several additional taphonomic features were also recorded. Carnivore damage 

was recorded as puncture marks (u-shaped pit depressions consistent with damage from 

carnivore canines) and gnawing (irregular grooves consistent with tooth scratches) 

(Haynes 1983; Shipman 1981). Rodent gnawing is characterized by parallel, flat-

bottomed tooth marks and generally are easily distinguished from carnivore tooth marks 

based on their morphology and location on a skeletal part (Klippel and Synstelien 2007). 

Root etching and weathering were identified using characteristics described by 

Behrensmeyer (1975, 1978). Specific weathering stages were not recorded, but rather 

note was made if a specimen was weathered to any degree greater than Behrensmeyer’s 

weathering stage 0. Most weathering was minor and resulted in slight deterioration, or 

slight reshaping or exfoliation of the cortical bone. Metal or metal residue, usually from 

iron based on the rust-color, was recorded when specimens were adhered to other 

artifacts. Recovery damage, such as trowel damage, nail holes, and damage in storage 

was recorded in instances to note that the damage was not historical. Such damage was 

determined to be modern based on the absence of staining of the break surface that 

typically indicates a fresh break. Pathologies were identified using Barker and Brothwell 

(1980), Bartosiewicz et al. (1997), and Bartosiewicz (2013). The most common 

pathologies were exostosis (abnormal bone growth), lipping and element fusion. Unfused 

long bones signified juvenile remains. For cranial fragments, juveniles were identified 

based on the presence of partially erupted, partially developed permanent teeth, or 

deciduous teeth.  

 

 



 
 

21 
 

 

Assemblage Summary 

The faunal assemblage was highly fragmentary which contributed to the high 

number of unidentified specimens (UnID) (Table 1). Approximately 6% of the 

assemblage was identified to at least taxonomic family (5,228 of 85,119 total specimens). 

Bags with large numbers of unidentified specimens were screened through 1 mm mesh 

(Figure 2 provides an example of the contents of a large finds bag). Specimens that 

passed through the mesh were checked for identifiable material, primarily rodent 

remains, but were not counted (Lyman 2012).  Ninety-two percent (UnID = 73,662) of 

the unidentified remains originated from 17 finds bags that each contained more than 500 

unidentified specimens. Of those 17 finds bags, 48% (UnID = 35,370) of the specimens 

were smaller than ~4 mm in length.  

The majority of the Maasplein animal remains identified are mammalian (NISP: 

5,135) (Table 1). While the majority of this study will focus on the mammalian remains, 

some avian and fish remains were recovered. Ninety-one avian remains were identified. 

When possible, the avian remains were sided and identified to element, however, the 

limited comparative material to which I had access did not permit species level 

identification. Twenty-nine avian fragments were goose sized (using Canada goose 

(Branta canadensis) as a comparison) and likely represent wild or domesticated graylag 

geese (Anser anser). Eighteen avian fragments were duck or chicken sized (using a 

juvenile domestic chicken (Gallus gallus) and mallard duck (Anas platyrhynchos) as 

comparisons). One bivalve mollusc was identified, along with two fish vertebrae. No 

attempt at finer taxonomic level identification was made for those groups due to limited 
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comparative materials. These few non-mammalian remains suggest that at Maasplein, the 

local meat diet was made up mostly of mammals. This is not surprising for a historical 

site, whose occupants had access to domestic taxa. 

 For mammals, taxonomic abundance was recorded as the number of identified 

specimens (NISP), where a specimen is a bone or tooth or fragment thereof, and 

minimum number of individuals (MNI) using the minimum distinction method 

(MNImin), where the entire assemblage is treated as one aggregate (Grayson 1984; 

Lyman 2008). MNImin was included in addition to NISP due to its popularity in 

European archaeology. Studies have demonstrated that NISP and MNI are frequently 

highly correlated, thereby making MNI redundant to NISP (Grayson 1984; Lyman 2008). 

NISP has advantages in that it is an additive, observed measure. The greatest weakness of 

NISP is the problem of interdependence or that two or more specimens could represent 

the same individual. For this study, attempts were made to refit specimens within finds 

bags and teeth were not counted separately if they refit or were seated in mandibles or 

maxillae. Both procedures reduce, if in a small way, specimen interdependence, making 

for more robust statistical analyses. NISP is primarily used for taxonomic abundance in 

the text because it is an observed measure, and therefore less susceptible to experimental 

errors as a result of variations or mistakes in calculation.   

The number of taxa (NTAXA), or richness, identified to the species level is 8 

(excluding humans) (Table 2). Making up 99% of the total NISP, domestic taxa are 

overwhelmingly more abundant than wild species at Maasplein (including cf. Bos 

taurus). Again, that is expected for a Roman period historical site. Of the mammal 

remains, 33% of the total identified assemblage is cattle (Bos taurus) (NISP = 1707), 
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second to the large mammal group (36%). Cattle (Bos taurus and cf. Bos taurus) are the 

most abundant domestic food species, representing 90% of all remains identified as 

domestic taxa.  

It is, therefore, not surprising that both taxonomic heterogeneity and evenness are 

low (Table 3). Evenness was calculated using the Shannon index of evenness (e); it 

measures how equally taxa are represented (Lyman 2008). Heterogeneity was calculated 

using the Shannon-Wiener index of heterogeneity (H); it is a combined measure of 

evenness and richness. A large number of horn core fragments, originating primarily 

from unit 17, were identified but could not be separated into large or medium mammal 

groups due to fragmentation. A summary of the NISP per element for each taxon 

illustrates differences in skeletal part frequency (Table 4). More discussion of skeletal 

part frequencies can be found below and in Chapters 4 and 5.  

Tables presented here summarize the NISP with particular taphonomic and 

ontogenetic features (Table 5 and 6). Evidence of trampling was only identified on one 

specimen, while 12% of identified specimens possess cut marks (NISP = 615). At 

Maasplein, chop marks are less common than cut marks at 5% (NISP = 276). Scrape 

marks occur in 3% of the identified specimens (NISP = 161). Percussion damage was 

noted on 5% of the identified specimens (NISP = 254). Saw marks were uncommon at 

Maasplein, occurring on only 12 identified specimens. Butchery marks occur on the 

principle domestic food species (cattle, sheep/goat and pigs) as well as horse, red deer 

and roe deer. The fact that most of these are also the most abundantly represented 

resources attests to their importance. Cattle, the most abundant taxon, also has the highest 

number of butchery marks. Eight burned bones were identifiable, but because burning 



 
 

24 
 

reduces identifiability this low number underestimates the number of burned bones at 

Maasplein. Small fragments of charred bone were noted in numerous units, but these 

were not tallied. Carnivore damage was rare and no rodent gnawing was identified (Table 

6). Twenty-eight identified specimens had pathologies. The most common pathologies 

were signs of exostosis, lipping and element fusion. Most of the pathologies are 

consistent with injuries and aging in draught animals (Bartosiewicz et al. 1997; see also 

Groot 2005; Telldahl 2005). Juvenile remains made up 9% or 447 NISP. Weathering was 

recorded on 6% (NISP = 324) of the identified material.  

 

Systematic Paleontology  

 Zooarchaeologists’ interpretations are rooted in the precision and accuracy of 

taxonomic identifications, for “without identification, there can obviously be no 

interpretation” (Lawrence 1957:41). Often too little description of anatomical 

identification criteria is provided, seemingly because of the assumption that diverse 

researchers would arrive at the same identifications of specimens (Lawrence 1973). The 

purposes of this section on systematic paleontology are to explicitly outline the methods 

and criteria used to make the identifications as well as to provide a summary description 

of the zooarchaeological remains. Like identification, taphonomic histories are essential 

for interpretation of faunal assemblages (Lyman 1994). For example, a faunal assemblage 

with high frequencies of cut marks indicates human agents involved in its formation, in 

contrast to an assemblage without cut marks but with high frequencies of carnivore 

damage. Thus this section also includes a taphonomic summary and zoogeographic 

history of each taxon.   
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Class Mammalia 

Order Artiodactyla 

Family Bovidae 

Subfamily Bovidae 

Bos taurus (cattle) 

Identified specimens: 108 skulls, 2 isolated upper deciduous premolar 3, 2 isolated upper 

deciduous premolar 4, 1 isolated upper premolar 2, 1 isolated upper premolar 3, 4 

isolated upper premolar 4, 5 isolated upper molar 1, 4 isolated upper molar 1 or 2, 10 

isolated upper molar 2, 3 isolated upper molar 3, 1 isolated upper unidentified molar, 28 

mandibles, 1 isolated lower incisor 1, 1 isolated lower incisor 1 or 2, 3 isolated lower 

deciduous premolar 4, 2 isolated lower premolar 4, 2 isolated lower deciduous 

unidentified molars, 3 isolated lower molar 1, 9 isolated lower molar 1 or 2, 4 isolated 

lower molar 2, 4 isolated lower molar 3, 8 atlases, 3 axes, 7 other cervical vertebrae, 6 

thoracic vertebrae, 4 lumbar vertebrae, 11 innominates, 19 scapulae, 61 humeri, 100 radii, 

44 ulnae, 16 radio-cubiti, 2 pisiforms (accessory carpals), 43 trapezoid-magna (carpal 

2+3), 32 hamates (carpal 4), 51 lunates (intermediate carpals), 31 scaphoids (radial 

carpals), 27 triquetrals (ulnar carpals), 1 fused carpals, 126 metacarpals, 21 femora, 79 

tibiae, 120 astragali, 72 calcanei, 72 fused second and third cuneiforms (tarsal 2+3), 83 

navicular-cuboids (central+4 tarsal), 18 lateral malleoli, 1 fused tarsals, 2 fused 

tarsal/metatarsal, 331 metatarsals, 13 metapodials, 2 foot sesamoids, 49 phalanx 1, 36 

phalanx 2, 18 phalanx 3 (Total NISP = 1707) 
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Remarks: In addition to the several partial cow skeletons in the MU Zooarchaeology 

Comparative Collection, a comparative skeleton was produced by me for reference and 

construction of a food utility index. Balkwill and Cumbaa (1992) and Brown and 

Gustafson (1979) published osteological criteria for distinguishing cattle (Bos taurus) 

from other large ungulates, principally horse (Equus caballus) and red deer (Cervus 

elaphus). Specimens were classified based on the presence of one or more distinguishing 

features.  

 Cattle, like other domestic animals, are very common in Roman faunal 

assemblages. Lauwerier (1988) examined faunal assemblages from several Roman period 

sites in the Dutch Eastern River Area of the Netherlands and found that cattle were 

ubiquitous. Furthermore, cattle were ubiquitous in the Roman sites discussed in Chapter 

3. Cattle are especially common in northern European Roman sites and are frequently the 

most abundant taxon recovered, which contrasts with the high abundance of pig remains 

in Italian sites (de Vries and Zeiler 2009; Filean 2006; King 1985; MacKinnon 2002; 

Meddens 2000; Lauwerier 1988; Whittatker 2002). In Dutch Roman sites, cattle usually 

make up more than 80% of the domestic animal assemblage (cattle, sheep/goat and pigs) 

(Lauwerier 1988). One possible reason for cattle abundance in the northern frontiers is 

that low-lowing marshy pastureland may have been more hospitable for cattle herd 

management (Filean 2006; Lauwerier 1988). In the Dutch Eastern River Area pigs are 

more common on Pleistocene soils (forested regions) than sheep/goat, which tend to be 

concentrated on Holocene soils (drier, more open pastureland). Cattle are less affected by 

wet pastureland than sheep/goat. This could support the use of cattle as wealth indicators 

in Pre-Roman Late Iron Age Celtic-Germanic populations (Filean 2006). The continued 
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importance of cattle from the beginning of the Pre-Roman Iron Age into the Roman 

period contrasts with Pre-Roman Britain where sheep/goat are replaced in abundance by 

cattle under Roman occupation. Cost effective meat provisioning of the army has also 

been suggested as a motivation for cattle abundance (Bobik 2011). 

 At Maasplein, cattle account for 33% of the identified mammal assemblage (NISP 

= 1707) and 87% of the domestic food assemblage (cattle + sheep/goat + pigs NISP = 

1963). This is similar to many other northern European Roman sites. It is this dominance 

in cattle that contributes to low taxonomic evenness and heterogeneity in the assemblage 

(Table 3). Cranial, carpal, metacarpal, tarsal and metatarsal fragments were the most 

frequently recovered cattle remains at Maasplein (Table 5) (Figure 3). Together those 

elements account for 76% of the identified cattle specimens. There are few vertebrae and 

rib fragments, which partly relates to the difficulty of distinguishing them from 

homologous elements of other large ungulates. Rates of fragmentation may also influence 

identification and skeletal part frequency profiles (Lyman 2008). Cattle remains generally 

have lower NISP:MNE ratios (a measure of intensity of fragmentation) than probable 

cattle (cf. Bos taurus) and large ungulate specimens (Table 7; Figure 4), suggesting that 

fragmentation may have influenced identifiability with more complete fragments being 

identified as cattle.  

Additional discussion of the skeletal part frequencies can be found in Chapter 5, 

however one unusual trend worthy of note here is the frequency of metapodials and the 

ratio of proximal and distal specimens of metapodials. To assess the disparate frequencies 

of metapodials, I conducted chi-square tests. Chi-square is a statistical test of association 

for nominal scale data. It calculates the predicted number of occurrences that would be 
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expected by random chance and tests whether the observed frequency differs 

significantly from the expected frequency based on sample size. A significant result 

suggests that there is interaction between the variables in the observed data that is more 

than expected by chance. Adjusted residuals can be calculated to determine specifically 

which features have more or fewer instances than expected and are contributing to the 

difference.  

Firstly, there are significantly more metatarsals than metacarpals than are 

expected by chance [χ2 (1, n= 457) =91.96, p= <.0001] (Table 8). There are nearly equal 

numbers of identified proximal and distal metacarpal specimens, 63 and 59 respectively, 

and these values are not significantly different [χ2 (1, n= 122) =0.14] (Table 9). However, 

there is a much higher frequency of proximal than distal metatarsal specimens, 258 and 

72 respectively, which is more than would be expected by random chance [χ2 (1, n= 330) 

=104.84, p= <.0001] (Table 10) (Figure 5). Adjusted residuals demonstrate there are 

significantly more proximal metatarsal specimens than distal specimens. I have yet to 

find discussion of similar disproportions in other assemblages or a plausible cultural 

reason for this pattern. Perhaps related to this difference is the fact that saw marks most 

frequently occur a few centimeters below the proximal articulation of metatarsals (Figure 

3). There is no significant difference in the number of right and left metapodials nor is 

there a substantial difference in the food utility between metacarpals or metatarsals [χ2 (1, 

n= 424) =0.46] (Table 11) (see Chapter 5 for food utility values). Possible explanations 

include differential tool use favoring distal metatarsal shafts or butchering practices such 

as hanging from the hind limbs to dress the carcass with discard of the distal foot 

including the distal metatarsal at the slaughtering site.  
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 Cut marks are the most common taphonomic feature, occurring on 16% (NISP = 

277) of the identified cattle fragments. Most types of element have at least one cut mark, 

but the marks are most common on carpal and tarsal bones (Table 12). Chop marks are 

similar in that they occur on most elements and most frequently on tarsal bones, but chop 

marks occur less frequently at 7% (NISP = 127) of the specimens. The anatomical 

distribution of cut and chop marks could represent skinning or dismemberment, or be an 

effect of sample size (i.e., there are more cut marks on carpals and tarsals because there 

are more of these in the sample) (Lyman 1987, 1994). Scrape marks are most common on 

metatarsals and the anterior margin of tibiae, although scrape marks are generally rare 

(NISP = 57). Percussion damage was recorded on 7% of the identified cattle specimens. 

Most of that damage was found on metatarsals. A quarter of all cattle metatarsals have 

percussion damage (NISP = 83). Percussion damage may relate to marrow extraction, 

dismemberment, or both (Binford 1978). It could also relate to “pot-sizing” if bones were 

boiled to extract grease or marrow, such as for stews. As noted earlier, saw marks are 

also most common on metatarsals and generally occur just below the proximal 

articulation surface (NISP = 6). A single incomplete trapezoid-magnum (carpal 2+3) had 

minimal evidence of burning on the posterio-medial side.  

 To determine if there are any significant differences in the most common types of 

butchering marks (cut marks, chop marks, scrape marks and percussion damage) between 

cattle, probable cattle (cf. Bos taurus), and large ungulates, I conducted a chi-square test. 

Results are significant, meaning that there is a statistically significant difference in the 

frequency of butchering marks between the three groups [χ2 (6, n= 1265) =15.63, p=.025] 

(Table 13). Adjusted residuals indicate there are significantly fewer scrape marks in Bos 
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taurus and significantly more scrape marks in large ungulate than would be expected by 

chance. This difference seems to be largely driven by the high frequency of scrape marks 

on the shaft fragments of anterior tibiae of large ungulates, which may relate more to 

limitations in identification of shaft fragments to species rather than in the frequency of 

butchering marks across taxonomic categories. With those marks removed, the chi-square 

results are not significant [χ2 (6, n= 1255) =10.78] (Table 14). This suggests that either 

there was no difference in how cattle and other large ungulates (including red deer 

(Cervus elaphus) and horses (Equus caballus)) were butchered or, perhaps more likely, 

the majority of the large ungulate remains represent cattle.   

 Several specimens represent juvenile and pathological remains (Table 15). 

Juvenile remains, indicated by deciduous, undeveloped or unerupted teeth and by lack of 

long bone epiphyseal fusion, make up 9% of the sample (NISP = 160). Metatarsals, 

metacarpals, distal radii and predominately distal tibiae were most frequently juvenile. 

These elements fuse around the age of 24–30 months for metatarsals, metacarpals and 

distal tibiae, and 42–48 months for distal radii (Filean 2006; Habermehl 1975). In only 

one instance of a metacarpal did the element appear to represent a neonate or very young 

individual based on the size and density of the bone tissue. The majority of the juvenile 

remains were adult or near adult in size. This suggest some approximately prime age 

slaughter with the majority of the remains deriving from adults (>48 months), which is 

consistent with the findings of Filean (2006) and Lauwerier (1988) at several other Dutch 

Roman sites where most remains represent adult individuals.  Lauwerier (1988) 

suggested that this pattern indicates primary focus on cattle for draught, rather than meat 

or other secondary products, although Filean (2006) cautions against rigid interpretation 
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of fusion data alone as adult cattle represent individuals ranging from 4–10+ years of age. 

The presence of pathological degeneration (lipping, exostosis and element fusion) on 18 

lower limb specimens suggests the presence of some older draught animals in the 

Maasplein assemblage (Barker and Brothwell 1980; Bartosiewicz et al. 1997; 

Bartosiewicz 2013) (Figure 6). 

Weathering occurred on 10% of the cattle remains (NISP = 163) (Table 15). 

Similar to cut marks, weathering occurs most frequently on metatarsals, tarsals and carpal 

bones. Carnivore damage is very rare, occurring in 0.5% of the cattle identified 

specimens (NISP = 9). Carnivore damage is important for concerns of density mediated 

attrition, which is significant for the interpretation of skeletal part profiles (frequency 

distributions) due to concerns over equifinality. Both assemblages indicative of low 

socio-economic status (reverse utility curves) and those subjected to density mediated 

attrition can result in similar profiles (Lyman 2008). For Maasplein, carnivore damage 

does not seem to be a significant taphonomic modification. All other forms of 

taphonomic modification occur in less than 1% of the cattle remains.  

 

cf. Bos taurus (probable cattle)  

Identified specimens: 22 skulls, 11 mandibles, 1 isolated lower incisor 1, 3 axes, 11 other 

cervical vertebrae, 9 thoracic vertebrae, 8 lumbar vertebrae, 60 rib, 10 innominate, 2 

scapulae, 72 humeri, 50 radii, 24 ulnae, 5 radio-cubiti, 2 pisiforms (accessory carpals), 6 

trapezoid-magna (carpal 2+3), 4 hamates (carpal 4), 12 lunates (intermediate carpals), 9 

scaphoids (radial carpals), 5 triquetrals (ulnar carpals), 82 metacarpals, 42 femora, 44 
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tibiae, 1 fibula, 31 astragali, 20 calcanei, 8 first cuneiforms (tarsal 1), 15 fused second 

and third cuneiforms (tarsal 2+3), 29 navicular-cuboids (central+4 tarsal), 7 lateral 

malleoli, 1 fused tarsals, 137 metatarsals, 14 metapodials, 5 foot sesamoids, 10 phalanx 1, 

1 phalanx 2, 2 phalanx 3 (Total NISP = 774). 

Remarks: Specimens were classified as cf. Bos taurus when fragment size and 

morphology were consistent with cattle but a taxonomically definitive characteristic was 

lacking (Balkwill and Cumbaa 1992; Brown and Gustafson 1979).  Identifications were 

made using published anatomical guides and comparative skeletons in the MU 

Zooarchaeology Lab (Chauveau 1905; Getty 1975; Pasquini and Spurgeon 1989; Payne 

1973; Schmid 1972). As noted earlier, cf. Bos taurus tends to have higher rates of 

fragmentation than Bos taurus (Table 7).  Higher rates of fragmentation reduce 

identifiability and this has likely contributed to the classification of these specimens as cf. 

Bos taurus. 

 Cf. Bos taurus includes 774 identified specimens. Similar to cattle, probable cattle 

specimens include a large number of metapodials or indistinguishable metatarsals and 

metacarpals, primarily small shaft fragments. There are also a large number of humeri 

fragments (NISP = 72), primarily shafts and small fragments of distal medial condyles. 

Several rib fragments, mostly proximal ends, were also found to be consistent with Bos 

taurus but because it is unclear how proximal ribs of cattle, horse, and red deer can be 

distinguished, I have not done so here. 

Butchery marks were the most common form of taphonomic modification 

recorded among the probable cattle remains (Table 16). Thirteen percent of the identified 

specimens had cut marks (NISP = 101), 7% had percussion damage (NISP = 54), 6% had 
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chop marks (NISP = 49) and 4% had scrape marks (NISP = 30). All the butchery marks 

were most frequently found on humeri, which differs from remains clearly representing 

cattle. Pathologies were recorded in nine instances (Table 17). All other taphonomic 

features were recorded on less than 6% of the specimens.    

Similar to cattle, many pathologies in probable cattle were found in tarsals, 

specifically navicular-cuboid (central+4 tarsal) and fused second and third cuneiform 

(tarsal 2+3), likely indicating draught cattle.  

 

Large Ungulate  

Identified specimens: 49 skulls, 15 mandibles, 1 axis, 24 other cervical vertebrae, 55 

thoracic vertebrae, 23 lumbar vertebrae, 3 caudal, 15 other vertebrae, 80 rib, 24 

innominates, 25 scapulae, 246 humeri, 121 radii, 70 ulnae, 52 radio-cubiti, 2 pisiforms 

(accessory carpals), 7 trapezoid-magna (carpal 2+3), 6 hamates (carpal 4), 18 lunates 

(intermediate carpals), 13 scaphoids (radial carpals), 9 triquetrals (ulnar carpals), 14 

metacarpals, 156 femora, 182 tibiae, 123 astragali, 90 calcanei, 2 first cuneiforms (tarsal 

1), 15 fused second and third cuneiforms (tarsal 2+3), 63 navicular-cuboids (central+4 

tarsal), 13 lateral malleoli, 1 fused tarsals, 54 metatarsals, 260 metapodials, 7 phalanx 1, 2 

phalanx 2, 2 phalanx 3 (Total NISP = 1815). 

Remarks: The large ungulate group includes mammal remains that could not be classified 

to taxon; these specimens were not sufficiently morphologically or size distinct to be 

classified as probable cattle. Cattle, red deer and horse are similar in body size and 

possess many morphological similarities that can make identification difficult if a key 
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landmark is not present (Balkwill and Cumbaa 1992; Brown and Gustafson 1979). Other 

large ungulate species that could be present geographically, although not identified in the 

assemblage, are aurochs (Bos primigenius) and European elk (Alces alces) (Lauwerier 

1988). 

The most abundantly represented category among all identified materials, the 

large ungulate category owes its high frequency partly to high rates of fragmentation 

(Table 7). Another contributing factor is the difficulty in distinguishing long-bone shaft, 

rib and vertebral fragments amongst morphologically similar species, namely cattle, red 

deer and horse. Metapodials, specifically shafts, are the most abundant element, which is 

not surprising given the large number of cattle and probable cattle metatarsals and 

metacarpals. There is also a large number of femora and humeri fragments, primarily 

representing shafts and small epiphysis fragments.  

There are interesting differences in %survivorship (after Lyman 2008) between 

cattle and large ungulates (Figure 7). %survivorship is a measure of skeletal 

completeness calculated as:  

([MNEi/number of times i occurs in one skeleton]100/(maximum 

MNEi/number of times maximumi occurs in one skeleton). 

where i  is a particular skeletal element or portion (Lyman 2008). While large ungulates 

have more identified vertebrae and rib specimens than cattle, %survivorship demonstrates 

that those elements are underrepresented in the identified material (Figure 7).  

 Cut marks are the most common taphonomic feature among large ungulate 

remains. Twelve percent (NISP = 210) have cut marks, while only 5% (NISP = 88) have 
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chop marks and 4% (NISP = 74) have scrape marks (Table 18). Humeri, femora and 

tibiae are the elements most likely to have cut, chop or scrape marks. Percussion damage 

(NISP = 63) was most frequently found on humeri and metapodials. Juvenile remains 

make up 8% (NISP = 153) of the large ungulate remains (Table 19). Unfused epiphysis 

fragments of humeri and tibiae are particularly difficult to identify when heavily 

fragmented. All other features were recorded in less than 6% of the identified large 

ungulate specimens.  

 

Subfamily Caprinae 

Ovis sp. (sheep)  

Identified specimens: 8 mandibles, 1 isolated lower deciduous premolar 4, 1 isolated 

lower premolar 3, 4 isolated lower premolar 4, 6 isolated lower molar 1 or 2, 4 isolated 

lower molar 2, 3 isolated lower molar 3 (Total NISP = 27). 

cf. Ovis sp. (probable sheep)  

Identified specimens: 5 mandibles, 1 isolated lower premolar 4, 1 isolated lower molar 1 

or 2, 1 isolated lower molar 2, 1 isolated lower molar 3, 1 isolated lower undetermined 

molar (Total NISP: 10).   

cf. Capra sp. (probable goat)  

Identified specimens: 1 mandible (Total NISP: 1). 

Remarks: It is difficult to differentiate between skeletal remains of Ovis and Capra 

(Boessneck 1969). Recently, there have been intensive efforts to determine 
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morphological characteristics that distinguish sheep and goat mandibles and mandibular 

teeth (Halstead et al. 2002; Zeder and Pilaar 2010). Based on these guidelines, I ranked 

sheep and goat identification on a scale: goat, probable goat, indeterminate, probable 

sheep, sheep. At least two traits were necessary to confirm the taxon identification. 

Higher confidence was given to mandible fragments where multiple teeth could be used 

for identification. No specimens were morphologically confirmed to be goat, although 

Zeder and Pilaar (2010) noted the difficulty of identifying goats and higher rates of 

misidentification as sheep so it is possible that some of the probable sheep and goats in 

fact represent goats. One mandible was identified as probably goat. Thirteen fragments 

were not identifiable. Ten specimens were identified as probable sheep, while 27 

specimens were identified as sheep. Even if there are some difficulties in the 

identification of goats, at Maasplein there appears to be significantly more utilization of 

sheep than of goats.  

 

Ovis/Capra (sheep and goat) 

Identified specimens: 20 skulls, 1 isolated upper deciduous premolar 3, 1 isolated upper 

deciduous premolar 4, 1 isolated upper premolar 2, 3 isolated upper premolar 3, 2 

isolated upper premolar 4, 2 isolated upper molar 1, 4 isolated upper molar 1 or 2, 2 

isolated upper molar 2, 6 isolated upper molar 3, 6 mandible, 1 isolated lower incisor 1 or 

2, 1 isolated lower deciduous premolar 2, 1 isolated lower deciduous premolar 3, 1 

isolated lower deciduous premolar 4, 1 isolated lower premolar 3, 1 isolated lower 

premolar 4, 1 isolated lower molar 1 or 2,  2 atlases, 1 axis, 3 other cervical vertebrae, 2 

ribs, 4 innominate, 3 scapulae, 12 humeri, 6 radii, 3 ulnae, 12 metacarpals, 1 femur, 8 
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tibiae, 1 astragalus, 1 calcaneus, 16 metatarsals, 2 1st phalanges, 1 phalanx 3 (Total NISP 

= 135).  

Remarks: In 2004, MacKinnon examined faunal reports from 150 Roman sites in Italy. 

Sheep/goat was ubiquitous at all rural (n=39) and urban sites (n=83). They were also 

present at 82% of the specialty sites including religious sites; sheep/goat was the most 

common domestic species at specialty sites. Sheep/goat are equally as common at British 

and northern European sites (Filean 2006; Groot 2008; Lauwerier 1988; Meddens 2000; 

Whittaker 2002; see also sites referenced in Chapter 3). Decrease in the frequency of 

sheep/goat remains through increasingly native occupation levels is often used as 

evidence for Romanization (Bobik 2011; Filean 2006; Lauwerier 1988). At Maasplein, 

sheep/goat remains account for only 8.8% of the domestic food assemblage. This low 

frequency of sheep/goat remains is consistent with other Roman period occupations at 

sites in northern Europe (Bobik 2011; Filean 2006; Lauwerier 1988). However, it has 

been suggested that economic selection for cattle and environmental conditions could 

have limited the use of sheep/goats even in pre-Roman occupations (Filean 2006; 

Lauwerier 1988).  

 Juvenile remains are more common among sheep/goat than other taxa at 

Maasplein (Table 6). Fifty-three specimens (30%) of sheep/goat (including mandible and 

isolated tooth fragments identified to species) belonged to subadults. Eight unfused 

postcranial fragments were tallied. The remaining 45 specimens represent maxilla, 

mandible and isolated tooth fragments. Ten deciduous premolars were identified, while 

the remainder were classified as juveniles based on incomplete root development. The 

higher frequency of skeletally immature specimens in sheep/goat, in contrast to cattle, 
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suggests herd use at Maasplein was focused more on meat harvest than on secondary 

products such as milk or wool (MacKinnon 2002; Marciniak 2011; Sherratt 1983).   

 Butchering marks were limited to 6 specimens with cut marks and 6 specimens 

with chop marks (Table 5). As mentioned above, density mediated attrition is an 

important consideration when examining skeletal part frequencies. Carnivore damage 

(which suggests density mediated attrition may have taken place) is slightly more 

common in sheep/goat than in cattle or other domestic species but remains very low at 

2.98% of all sheep/goat remains (NISP = 5) (Table 6). Puncture damage was noted on a 

mandible (cf. Ovis), 1 radius and 1 metatarsal, while gnawing furrows were noted on 2 

metatarsals.  

Family Suidae 

Subfamily Suini 

Sus scrofa (domestic pig, wild boar)  

Identified specimens: 20 skulls, 2 isolated upper incisor 1, 3 isolated upper canines, 1 

isolated upper premolar 3, 20 mandibles, 3 isolated lower incisor 1, 1 isolated lower 

incisor 1 or 2, 2 isolated lower incisor 2, 1 isolated lower incisor 2, 3 isolated lower 

canines, 1 isolated lower premolar 1, 1 isolated lower premolar 2, 1 isolated lower molar 

1, 1 isolated lower molar 3, 1 atlas, 1 other cervical vertebra, 1 thoracic vertebra, 1 rib, 3 

innominates, 4 scapulae, 3 humeri, 2 radii, 2 ulnae, 2 metacarpal 3, 1 metacarpal 4, 1 

femur, 5 tibiae, 3 astragali, 3 calcanei, 1 navicular-cuboid (central +4 tarsal), 1 metatarsal 

3, 3 metatarsal 4, 1 phalanx 3 (Total NISP = 83). 
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Remarks: Pig remains are ubiquitous at the sites examined in Chapter 3 and extremely 

common in Roman assemblages (see also MacKinnon 2004). Identifications were made 

using comparative skeletons, including one I processed for purposes of developing a food 

utility index.   

 It is not uncommon for pigs and/or wild boar to be the most abundantly recovered 

taxon in faunal assemblages from Italian Roman sites; however, pigs are rarely the most 

abundant taxon in northern European sites (de Vries and Zeiler 2009; Groot 2008; King 

1985; Lauwerier 1988; MacKinnon 2002; Meddens 2000; Payne 1997). Generally, the 

low relative abundance of pig remains is a function of the high abundance of cattle in 

British and northern European sites and that is also true of Maasplein. However, 

increasing use of pigs in increasingly native (older) occupations is often used as evidence 

of Romanization (e.g., Bobik 2011; Filean 2006). For the Romans, pork was viewed as 

the choicest of domestic meat as evidenced by its frequent use in Apicius (tr. Flower and 

Rosenbaum 1958). Furthermore, Romans had more Latin names for pigs than any other 

animal (e.g., sus, porcus, porco, aper) (MacKinnon 2001). At least two breeds of pigs 

were present in Roman Italy (MacKinnon 2001). At Maasplein, the low frequency of pigs 

is consistent with other Roman sites in the Netherlands (de Vries and Zeiler 2009). 

Further discussion of the Maasplein pigs including socio-economic interpretations of 

skeletal part frequencies can be found in Chapter 4.  

 Taphonomic and ontogenetic traces are limited for pigs. There is very little 

evidence for carnivore driven density mediated attrition among the pig remains. One 

thoracic vertebra has a carnivore puncture mark (Table 6). Butchering marks are limited 

to two bones (1 innominate with a cut mark and 1 tibia with a chop mark) (Table 5). 
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Nineteen fragments (23%) belong to skeletally immature individuals (Table 6). Pigs are 

interesting because unlike other domestic food taxa, they do not have secondary products 

and harvest profiles for meat production should favor late juveniles around 27–36 months 

of age (Marciniak 2011). While most of the Maasplein pig specimens are skeletally 

mature, they are commonly from elements that fuse early such as the scapula (7–8 

months) (Zeder et al. 2015). One proximal tibia and one distal femur are unfused (fusion 

of those elements expected at 48–60 months), suggesting a meat production profile, 

although the sample of pig remains is small (Zeder et al. 2015).    

 

Family Cervidae 

Subfamily Cervini 

Cervus elaphus (red deer) 

Identified specimens: 5 mandibles, 1 isolated lower deciduous premolar 4, 1 humerus, 1 

ulna (Total NISP = 8). 

Remarks: Cervus elaphus has a wide geographic range that includes Eurasia and North 

Africa; it was historically introduced to South America, New Zealand and Australia 

(Long 2003). Depending on the classification of North American elk or wapiti (Cervus 

canadensis) as a subspecies or a distinct species, red deer range includes North America. 

Wapiti have long been considered a subspecies of red deer, however recent genetic 

evidence supports classification as a separate species (Geist 1998). Osteologically, wapiti 

and red deer are essentially identical (wapiti have slightly larger body sizes) 

(MacKinnon, personal communication). Identifications were made using comparative 



 
 

41 
 

wapiti skeletons and identification guides (Brown and Gustafson 1979; Gilbert 1980; 

Lister 1996).  

Large cervids have a vast geographic range, and this was also the case in the 

Roman period. Red deer remains have been recovered from multiple sites in northern and 

central Europe (e.g., de Vries and Zeiler 2009; Ellis and White 2000; Lauwerier 1988; 

MacKinnon 2002; Payne 1997).  

 Hunting seems to have provided dietary variety with some evidence of such 

practices found at all sites referenced in Chapter 3, suggesting non-domestic species were 

an occasional, and perhaps a specialty, item rather than a regular component of the diet. 

Red deer is present in low abundances at all sites and several sites have evidence of roe 

deer and wild birds. The idea that the Romans hunted for sport and perhaps generally for 

non-domestic meat has not always been accepted (Green 1996). However, beyond the 

zooarchaeological evidence presented by wild species, there is little literary and visual art 

evidence from Roman culture for the practice of non-domestic meat use. Yet in non-elite 

settings, opportunistic hunting and predator/nuisance species removal probably existed, 

especially on the borders of uncultivated land. At Maasplein, the low frequency of red 

deer and other wild ungulates does not suggest hunted meats were an important or 

significant component of the diet. Limited access to non-domestic species supports the 

prediction of predominately low-status residents in the town. Generally, lower evenness, 

as well as low diversity, and little access to wild meats are used as indicators of lower 

status in complex societies (Ashby 2002; Crabtree 1990; Crader 1990; Curet and Pestle 

2010; deFrance 2009) (see also chapter 5).   



 
 

42 
 

All the mandible fragments are from individuals that are not skeletally mature 

(Table 6). Several deciduous teeth were recovered and other teeth lack complete root 

development or eruption. The humerus and ulna both possess cut marks (Table 5). The 

humerus also has percussion damage and several chop marks.  

 

Dama dama (fallow deer) 

Identified specimens: 1 mandible, 1 metacarpal, 1 metatarsal (Total NISP = 3). 

Remarks: Identification of fallow deer remains at Maasplein was made using a 

comparative skeleton on loan from the University of Indiana and published identification 

keys (Lister 1996). The metatarsal has percussion damage.  

Although fallow deer originated in southern Europe and Asia Minor, the Romans 

are credited with their first introductions into central and northern Europe (Long 2003; 

Sykes et al. 2006). Fallow deer are less common at Roman sites than other cervids such 

as red deer and roe deer, but have been recovered at the town of Wroxeter, which has an 

urban socio-economic profile similar to Maasplein (Ellis and White 2000). At the 

Romano-British Villa of Fishbourne Palace, fallow deer were kept in animal parks on the 

estate (Sykes et al. 2006). Classical texts indicate that animal parks were fairly common 

and keeping wild game, especially exotic animals, was a status symbol. This is 

particularly true for fallow deer, which may have been part of an imperial identity on the 

fringes of the empire. The Roman Cookery Book by Apicius (tr. Flower and Rosenbaum 

1958) recorded several recipes for venison but only fallow deer is specifically mentioned. 

The remark, “For Fallow Deer and for every kind of venison you can use the same 
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sauce,” suggests little difference in the treatment of wild ungulates, although there may 

have been some preference for fallow deer. Roman literary sources are largely based on 

behaviors of Italian elites and may be less applicable to behaviors and preferences at the 

fringes of the empire.  

 

Order Perissodactyl 

Family Equidae 

Equus caballus (horse) 

Identified specimens: 1 isolated upper premolar 4, 1 isolated upper molar 1, 1 isolated 

upper molar 1 or 2, 1 mandible, 1 isolated lower molar 2, 2 humeri, 1 ulna, 1 fused 

radius-ulna, 2 metacarpals, 1 femur, 3 tibiae, 1 metatarsal, 2 vestigial metapodials, 2 

phalanx 1, 1 phalanx 3 (Total NISP: 21). 

Remarks: It is not uncommon for low frequencies of horse remains to be recovered from 

Roman period sites. Horses are ubiquitous at the sites studied in Chapter 3 (see also 

Lauwerier 1988).  Identification of horses was based on comparative skeletons and 

remains were distinguished from other large ungulates using published diagnostic 

features (Brown and Gustafson 1979; Chauveau 1905; Getty 1975; Pasquini and 

Spurgeon 1989; Schmid 1972).  

 Horses were kept by the Romans for use in the army, breeding, entertainment 

(horse racing), and as draught labor including farm work, personal transportation and 

pulling vehicles (Groot 2008; Lauwerier 1999). Bone tools are infrequently made of 
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horse bone in the Netherlands, but there are literary sources that discuss the use of skins, 

tails and manes. Horses were rarely used in ritual contexts, but there has been discussion 

of their use as a food source (Lauwerier 1999). Twelve mammal species, in addition to 

several species of birds, fish and mollusks, are mentioned by Apicius (tr. Flower and 

Rosenbaum 1958), but no recipe for horsemeat is given. Historical sources limit the 

discussion of horsemeat consumption to periods of famine (Lauwerier 1999). However, 

there is evidence of horsemeat consumption by humans at native sites in the Netherlands 

during the Roman period. Lauwerier (1988) suggested that cut marks on horse bones in 

the Netherlands could also be the result of provisioning meat to dogs.  

Horse remains at Maasplein do not represent whole or partial interments as 

skeletal completeness is low with only 21 fragments and no more than two horse 

fragments were found in the same context. However, there is some evidence of less 

fragmentation of horse remains than cattle remains. Three whole phalanges and one 

whole vestigial metapodial were recovered. The largest identified femoral fragment in the 

materials I examined (a nearly complete left distal femur) is horse and in comparison to 

similarly sized food taxa (cattle and red deer), the femoral fragment is notable for its 

anatomical completeness. Reduced fragmentation suggests that horses at Maasplein were 

not used as food, but the sample of horse bones is small and taphonomic features 

complicate the picture.  

Four specimens have cut marks (1 1st phalanx, 1 humerus, 1 metacarpal, 1 femur). 

The cut marks on the phalanx and the metacarpal could represent hide removal activities 

and marks on the humerus and femur could be the result of dismemberment for disposal, 

rather than consumption activities. Cut marks are epiphenomenal and can result from 
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several distinct behaviors (Egeland 2003; Lyman 1987, 2005, 2008). Additionally, one 

tibia possesses a chop mark. Two bones are weathered (1 metacarpal, 1 tibia). One 

metacarpal has root etching damage and one metatarsal has adhering iron.  

 

Order Carnivora 

Family Canidae 

Canis familiaris (domestic dog) 

Identified specimens: 4 skulls, 1 radius, 1 tibia (Total NISP = 6). 

Remarks: Domestic dog remains are commonly present in Roman period faunal 

assemblages (e.g., de Vries and Zeiler 2009; Ellis and White 2000; Lauwerier 1988; 

MacKinnon 2002; Payne 1997). Identification was made using comparative skeletons and 

published anatomy guides (Pasquini and Spurgeon 1989). The four skull fragments likely 

result from a single individual based on morphological similarities in the maxillary 

dentition, but were not complete enough to refit. The radius has weathering damage.  

 

Family Mustelidae 

Subfamily Mustelidae 

Identified specimens: 1 mandible (Total NISP: 1). 

Remarks: Lack of European comparative taxa prevented species level identification. The 

specimen is likely a European mink (Mustela lutreola), European polecat (Mustela 
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putorius) or weasel (Mustela nivalis). The available comparative taxon that most closely 

matched the Maasplein specimen was a (North American) fisher (Martes pennanti). 

Polecat and weasel remains have been recovered from other Northern European Roman 

sites (de Vries and Zeiler 2009; Payne 1997).  

 

Order Rodentia 

Family Muridae 

Mus musculus (house mouse)  

Identified specimens: 1 mandible, 1 femur (Total NISP: 2). 

Remarks: Small mammal and rodent remains were rarely recovered, likely a result of 

hand collection rather than screening sediments. Mus musculus is ubiquitous in Europe 

and has been recovered from other Roman period sites in Northern Europe (e.g., de Vries 

and Zeiler 2009).  

 

Order Primate 

Family Hominidae 

Homo sapiens (human) 

Identified specimens: 10 skull fragments including 1 occipital and 1 temporal fragment 

(Total NISP: 10). 
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Remarks: Human remains were identified using comparative skeletons in the Biological 

Anthropology teaching collection at MU. Identification was confirmed by biological 

anthropologist Dr. Libby Cowgill (Department of Anthropology, MU). Human remains 

were limited to a single context (Putr 13, Valkr P30, Vondstnr 495). The cranial 

fragments likely represent a single late adolescent or early adult (Cowgill, personal 

communication). No teeth were recovered. A more detailed biological profile was not 

possible with the limited remains. Finds number Vondstnr 495 also contains sheep/goat 

and cattle remains.  

 

Discussion and Conclusion 

The Massplein faunal assemblage is primarily composed of mammal remains, 

although a large portion of the assemblage is unidentifiable. The assemblage features 

high frequencies of cattle (NISP = 1707) with lower frequencies of sheep/goat and pigs 

(NISP = 173 and 83, respectively). Cattle proximal metatarsals are notably abundant and 

questions remain about the behavioral cause of this finding. Horse, red deer, dog, roe deer 

and house mouse remains were also identified. Taphonomic analysis indicates that there 

is little difference in the butchery pattern observed among cattle, probable cattle and large 

ungulates. However, more juvenile specimens were identified among sheep/goat than 

cattle.  

 The overall composition and structure of the Maasplein assemblage is similar to 

faunal material recovered from Forum Hadriani in Voorburg (de Vries and Zeiler 2009), 

The Netherlands. Both sites are urban settlements with Roman occupations from the first 



 
 

48 
 

century to the third century CE with similar socioeconomic compositions. Like 

Maasplein, the Forum Hadriani faunal assemblage is dominated by cattle remains (NISP 

= 895), followed by sheep/goat (NISP = 168) and pigs (NISP = 84) in low frequencies 

(de Vries and Zeiler 2009). The most substantial difference between the assemblages is 

richness. Maasplein has an NTAXA of 8, while Forum Hadriani has an NTAXA of 15. 

This difference is likely the result of screening excavated sediments at Forum Hadriani. 

Systematic sieving at Forum Hadriani included selected sieving samples with mesh sizes 

ranging between 5 and 0.25 mm. Greater taxonomic richness is primarily in small bodied 

taxa such as black rat (Rattus rattus) and wood mouse (Apodemus sylvaticus).  

Both Maasplein and Forum Hadriani are on the fringe of the northern continental 

European Roman frontier and can be compared to patterns from Roman Italy. Urban 

imperial sites from mainland Italy tend to have higher frequencies of pigs and 

sheep/goats, although the more mountainous regions of northern Italy have moderately 

higher frequencies of cattle (MacKinnon 2004). Terrain and climate, as well as attitudes 

towards provisioning the army with beef, provide context for the abundance of cattle 

remains at Maasplein. Faunal assemblages from urban sites in Roman Britain share more 

similarities to the Maasplein archaeofauna for these reasons (e.g., Wroxeter [Meddens 

2000]). Socioeconomic status also contributes to this pattern as higher status rural sites in 

mainland Italy and northern Europe tend to have higher frequencies of pig remains 

relative to cattle in comparison to their urban counterparts (Lauwerier 1988; MacKinnon 

2004). Roman elite preferences favoring pig meat, which likely influenced costs, and the 

larger meat packages available on cattle may also help to explain the dominance of cattle 

at Maasplein. 
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Figures 

 

Figure 1: Relief depicting butcher shop, showing use of cleaver (modified from Moore 
1942). 

 

 

Figure 2: Example of finds bag contents; note degree of fragmentation.  
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Figure 3: Sample of sorted faunal material from Maasplein. Note two proximal 
metatarsals with saw marks in the lower left corner.  

 

 
Figure 4: Ratio of NISP:MNE based on data in table 7. 
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Figure 5: Sample of proximal metatarsals from Maasplein. 

 

 

Figure 6: Examples of fused second and third cuneiform (tarsal 2+3). Left normal. Right 
pathological, displaying lipping, pitting and minor exostosis. View– proximal, both left 
elements.  
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Figure 7: %survivorship for Bos taurus and large ungulates. 
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Tables 

Table 1: Summary of animal remains recovered from Maasplein by class. 

Class/Group 
Number of 
Specimens 

Mammal 
(Mammalia) 5135 
Avian (Aves) 90 
Fish 2 
Shellfish 1 
UnID 79891 

Total 85119 

 

Table 2: Summary of mammalian remains from Maasplein by taxon. NISP, number of 
identified specimen; MNImin, minimum number of individuals for the total site.  

Taxon NISP MNImin 

Bos taurus 1707 114 
cf. Bos taurus 
(probable cattle) 774 15 
Ovis/Capra 173 10 
Sus scrofa 83 4 
Equus caballus 21 2 
Homo sapiens 10 1 
Cervus elaphus 8 2 
Canis familiaris 6 1 
Dama dama 3 1 
Mus musculus 2 1 
Mustelinae 1 1 
Large Mammal 1824  
Medium Mammal 187  
Ungulate  
(horn fragments) 320  
Small Mammal 16   

Total 5135 152 
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Table 3: Calculation of Shannon-Wiener index of heterogeneity and Shannon index of 
evenness for Maasplein mammals. 

Taxon NISP 
Proportion 

(p) Log of p p(log p) 
Running 

sum 
Bos taurus/cf. Bos 
taurus 2481 0.89341 –0.113 –0.10070 –0.1007 
Ovis/Capra 173 0.062297 –2.776 –0.17293 –0.27362 
Sus scrofa 83 0.029888 –3.510 –0.10492 –0.37854 
Equus caballus 21 0.007562 –4.885 –0.03694 –0.41548 
Cervus elaphus 8 0.002881 –5.850 –0.01685 –0.43233 
Canis familiaris 6 0.002161 –6.137 –0.01326 –0.44559 
Dama dama 3 0.00108 –6.831 –0.00738 –0.45297 
Mus musculus 2 0.00072 –7.236 –0.00521 –0.45818 
Total 2777     H –0.45818 
        e –0.22034 
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Table 4: NISP per element for mammals. 

Element 
Bos 

taurus* 
cf. Bos 
taurus 

Ovis/ 
Capra 

Sus 
scrofa** 

Equus 
caballus 

Cervus 
elaphus 

Canis 
familiaris 

Dama 
dama 

Mus 
musculus 

Large 
ungulate 

Skull  141 22 42 18 3   4     49 
Mandible 57 11 51 25 2 6  1 1 15 
Atlas 8  2 1       
Axis 3 3 1       1 
Cervical Vertebra 7 11 3 1      24 
Thoracic Vertebra 6 9  1      55 
Lumbar Vertebra 4 8        23 
Other Vertebra           15 
Caudal          3 
Rib  60 2 1      80 
Pelvis 11 10 4 3      24 
Scapula 19 2 3 4      25 
Humerus 61 72 12 3 2 1    246 
Radius 100 50 6 2   1   121 
Ulna 44 24 3 2 1 1    70 
Radio-cubitus 16 5   1     25 
Carpal  187 38        55 
Metacarpal 126 82 12 3 2   1  14 
Femur 21 42 1 1 1    1 156 
Tibia 79 44 8 5 3  1   182 
Fibula  1         
Astragalus 120 31 1 3      123 
Calcaneus 72 20 1 3      90 
Other Tarsal 174 60  1      94 
Metatarsal 331 137 16 4 1   1  54 
Metapodial 13 14 2  2     260 
Phalanx 1 49 10 2  2     7 
Phalanx 2 36 1        2 
Phalanx 3 18 2 1 1 1     2 
Foot sesamoid 2 5                 
Total 1705 774 173 82 21 8 6 3 2 1815 

Notes: * Two excluded pathological fused tarsal and metatarsal. ** One molar excluded because anatomical position undetermined   
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Table 5: Butchering marks and burning by mammal species. 

Taxon Cut Chop Scrape Percussion Saw Burnt 
Bos taurus 277 127 57 126 9 1 
cf. Bos taurus 101 49 30 54 1 1 
Ovis/Capra 6 6     
Sus scrofa 1 1    2 
Equus caballus 4 1     
Cervus elaphus 2 1  1   
Canis familiaris      
Dama dama   1   
Large Mammal 210 91 74 72 2 1 
Medium Mammal 13 3    2 
Ungulate (horn 
fragments) 1      
Small Mammal         1 

Total 615 279 161 251 12 8 
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Table 6: Miscellaneous taphonomic and ontogenetic observations and features by mammal species. 

Taxon Juvenile Recovery Metal Pathology Root etching Weathered Trampling Carnivore 
Bos taurus 160 5 6 18 6 163   9 
cf. Bos taurus 41 2  9 2 42  6 
Ovis/Capra 53    6 4  5 
Sus scrofa 19    2 4  1 
Equus caballus 1 1  1 2   
Cervus elaphus 5        
Canis  
familiaris     1   
Dama dama        
Large Mammal 153 5 4 1 9 96 1 11 
Medium Mammal 15  1  2 2  1 
Ungulate 
 (horn fragments)    10   
Small Mammal 1               

Total 447 13 12 28 28 324 1 33 
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Table 7: Ratio of NISP:MNE per element for Bos taurus, cf. Bos taurus and large ungulate. 

Element 
Bos 

taurus 
cf. Bos 
taurus 

Large 
ungulate 

Skull  2.17 7.33 6.13 
Mandible 4.38 2.75 3.00 
Atlas 1.33 0.00 0.00 
Axis 1.00 1.50 1.00 
Cervical Vertebra 1.00 1.83 2.40 
Thoracic Vertebra 1.50 1.13 1.77 
Lumbar Vertebra 2.00 2.67 2.88 
Rib 0.00 2.73 5.00 
Pelvis 1.38 2.00 3.00 
Scapula 1.00 1.00 2.50 
Humerus 1.91 3.00 4.47 
Radius 2.27 2.63 3.03 
Ulna 1.63 1.60 5.83 
Radio-cubitus 1.23 1.00 2.78 
Carpals  1.22 1.36 2.03 
Metacarpal 1.54 6.31 3.50 
Femur 2.63 2.63 4.46 
Tibia 2.08 2.75 5.52 
Astragalus 2.14 2.07 3.00 
Calcaneus 1.64 2.00 3.91 
C+4 tarsal 1.63 1.71 1.66 
Tarsal 1.01 1.07 1.94 
Metatarsal 1.58 5.27 4.50 
Phalanx 1 1.00 1.11 1.17 
Phalanx 2 1.00 1.00 1.00 
Phalanx 3 1.00 1.00 1.00 
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Table 8: Results of chi-square test of metapodial frequencies. 

Category Observed Expected 
Chi-Square 
Value 

Adjusted 
Residuals 

Element– Metacarpal 126 228.5 45.98 –15.17 
Element– Metatarsal 331 228.5 45.98 15.17 

     
Chi-Square Value= 91.96   
Critical Value (.0001, 1): 15.14   
Note: Adjusted residuals in italic are statistically significant at α =.05 

 

Table 9: Results of chi-square test of metacarpal proximal and distal ends. 

Category Observed Expected 
Chi-Square 
Value 

Metacarpal– Proximal 63 61 0.07 
Metacarpal– Distal 59 61 0.07 

    
Chi-Square Value= 0.14  
Critical value (.05, 1): 3.84   

 

Table 10: Results of chi-square test of metatarsal proximal and distal ends. 

Category Observed Expected 
Chi-Square 
Value 

Adjusted 
Residuals 

Metatarsal– Proximal 258 165 52.42 17.53 
Metatarsal– Distal 72 165 52.42 –17.53 

     
Chi-Square Value= 104.84   
Critical value (.0001, 1): 15.14   
Note: Adjusted residuals in italic are statistically significant at α =.05 

 

Table 11: Results of chi-square test of metacarpal and metatarsal frequencies by 
anatomical side. 

Category Observed Expected 
Chi-Square 
Value 

Metacarpal– Right 52 55.01 0.17 
Metacarpal– Left 55 51.99 0.17 
Metatarsal– Right 166 162.99 0.06 
Metatarsal– Left 151 154.01 0.06 

    
Chi-Square Value= 0.46  
Critical value (.05, 1): 3.84   
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Table 12: Butchering marks and burning for Bos taurus by skeletal element. 

Elements Cut Chop Scrape Percussion Saw Burnt 
Skull  3 5         
Mandible 4 1     
Atlas 1      
Axis 1 1     
Cervical Vertebra 1 2     
Thoracic Vertebra 1 1     
Lumbar Vertebra 1      
Other Vertebra      
Rib       
Pelvis 2 1     
Scapula 6 6 4  1  
Humerus 28 13 4 7   
Radius 20 8 5 3 1  
Ulna 12 6 6 1 1  
Radio-cubitus 2 1 2    
Carpal  42 11 4   1 
Metacarpal 8 2 1 28   
Femur 9 5 3 2   
Tibia 5 6 10 2   
Astragalus 36 16 2    
Calcaneus 18 9     
Other Tarsal 39 16     
Metatarsal 29 15 16 83 6  
Phalanx 1 7 1     
Phalanx 2 2 1         

Total 277 127 57 126 9 1 
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Table 13: Results of chi-square test of the types of butchering marks by species. 

Category Observed Expected 
Chi-Square 

Value 
Adjusted 
Residuals 

Bos taurus– Cut 277 272.85 0.06 0.47 
Bos taurus– Chop 127 122.50 0.16 0.62 
Bos taurus– Scrape 57 74.71 4.20 –3.00 
Bos taurus– Percussion 126 116.94 0.70 1.28 
cf. Bos taurus– Cut 101 108.77 0.55 –1.13 
cf. Bos taurus– Chop 49 48.83 0.00 0.03 
cf. Bos taurus– Scrape 30 29.78 0.00 0.05 
cf. Bos taurus– Percussion 54 46.62 1.17 1.34 
Large Ungulate– Cut 210 206.38 0.06 0.43 
Large Ungulate– Chop 88 92.66 0.23 –0.68 
Large Ungulate– Scrape 74 56.51 5.41 3.09 
Large Ungulate– 
Percussion 72 88.45 3.06 –2.43 

     
Chi-Square Value= 15.63   
Critical Value (.025, 6): 14.45   
Note: Adjusted residuals in italic are statistically significant at α =.05 

 

Table 14: Results of chi-square test of the types of butchering marks by species without 
large ungulate anterior tibiae scrape marks. 

Category Observed Expected 
Chi-Square 

Value 
Bos taurus– Cut 277 275.02 0.01 
Bos taurus– Chop 127 123.48 0.10 
Bos taurus– Scrape 57 70.63 2.63 
Bos taurus– Percussion 126 117.87 0.56 
cf. Bos taurus– Cut 101 109.64 0.68 
cf. Bos taurus– Chop 49 49.22 0.00 
cf. Bos taurus– Scrape 30 28.15 0.12 
cf. Bos taurus– Percussion 54 46.99 1.05 
Large Ungulate– Cut 210 203.34 0.22 
Large Ungulate– Chop 88 91.30 0.12 
Large Ungulate– Scrape 64 52.22 2.66 
Large Ungulate– Percussion 72 87.15 2.63 

    
Chi-Square Value= 10.78  
Critical Value (.05, 6): 12.59   
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Table 15: Miscellaneous taphonomic and ontogenetic observations for Bos taurus by element. 

Elements Juvenile Recovery Metal Pathology 
Root 

etching Weathered Carnivore 
Skull  14 1       5 1 
Mandible 15    2 3  
Atlas        
Axis        
Cervical Vertebra 5     1  
Thoracic  Vertebra 3    1   
Lumbar Vertebra 2       
Other Vertebra       
Rib        
Pelvis      1  
Scapula       1 
Humerus      1 1 
Radius 20     4  
Ulna      2  
Radio-cubitus 8       
Carpal    1  1  18 1 
Metacarpal 18 1   1 16 1 
Femur 2       
Tibia 18 1  1  2  
Astragalus  1   2  
Calcaneus 2   8 1 3  
Other Tarsal     29 1 
Fused tarsal/ 
Metatarsal  2    
Metatarsal 31 1 4 4 1 63 3 
Metapodial 12     1  
Phalanx 1 8  1   7  
Phalanx 2 2   1  3  
Phalanx 3   1  2  
Total 160 5 6 18 6 163 9 
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Table 16: Taphonomic butchering marks for cf. Bos taurus by element. 

Element Cut Chop Scrape Percussion Saw Burnt 
Mandible 2      
Cervical Vertebra      
Thoracic Vertebra 1      
Lumbar Vertebra 1 1     
Rib 14 2     
Pelvis 2      
Scapula  1     
Humerus 25 18 11 14   
Radius 6 6 4 7   
Ulna 10 2     
Radio-cubitus 1 1 1 1   
Carpal   5      
Metacarpal 1  8   
Femur 11 6 5 6   
Tibia 4 3 7 5   
Astragalus 6 3 2    
Calcaneus 1 2     
Other Tarsal 10 2     
Metatarsal 2   13 1  
Phalanx 1      
Foot sesamoid 1    1 

Total 101 49 30 54 1 1 
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Table 17: Miscellaneous taphonomic and ontogenetic observations for cf. Bos taurus by element. 

Element Juvenile Recovery Pathology Root etching Weathered Carnivore 
Mandible       
Cervical Vertebra 3 1     
Thoracic Vertebra 1      
Lumbar Vertebra 1      
Rib 2   1 4 1 
Pelvis   1  1  
Scapula    1   
Humerus 4     2 
Radius 6    3  
Ulna       
Radio-cubitus      
Carpal     2  8 2 
Metacarpal 2      
Femur 6      
Tibia 5      
Astragalus    1  
Calcaneus      
Other Tarsal  6  10  
Metatarsal 5 1   14  
Phalanx 1 6    1 1 
Foot sesamoid      
Total 41 2 9 2 42 6 
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Table 18: Butchering marks and burning for large ungulates by element. 

Elements Cut Chop Scrape Percussion Saw Burnt 
Skull              
Mandible 1 1  1   
Cervical Vertebra 1     
Thoracic Vertebra 5 1     
Lumbar Vertebra 3 1     
Caudal Vertebra 1 1     
Other Vertebra  1     
Rib 10 1 1  1 1 
Pelvis 8 2 2    
Scapula 5 1   1  
Humerus 73 27 27 23   
Radius 15 8 8 7   
Ulna 8 4 5    
Radio-cubitus 1 1 1 2   
Carpal 7 1     
Metacarpal   2   
Femur 29 10 10 6   
Tibia 14 11 19 9   
Astragalus 11 5     
Calcaneus 11 6 1    
Tarsal 7 4     
Metatarsal   2   
Metapodial 1   20   
Phalanx 1      
Phalanx 2 1     
Total 210 88 74 72 2 1 
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Table 19: Miscellaneous taphonomic and ontogenetic observations for large ungulates by element. 

Elements Juvenile Recovery Metal Pathology Root etching Weathered Trampling Carnivore 
Skull            4     
Mandible      2   
Cervical Vertebra 1     2   
Thoracic Vertebra 10     3  1 
Lumbar Vertebra 3     1  2 
Caudal Vertebra 1        
Other Vertebra 12     1   
Rib   1  7 3 1 1 
Pelvis 1     1   
Scapula        1 
Humerus 30 2 2   3  1 
Radius 6 1    9  1 
Ulna 1     2   
Radio-cubitus 4        
Carpal      4   
Metacarpal     1   
Femur 11     2  3 
Tibia 50 1   2 13   
Astragalus 1       
Calcaneus 11     5   
Tarsal    1  19   
Metatarsal 1     9  1 
Metapodial 9  1   10   
Phalanx 1 1     1   
Phalanx 2 1     1   
Total 153 5 4 1 9 96 1 11 
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CHAPTER 3: 

IMPACT OF RECOVERY METHODS ON TAXONOMIC RICHNESS IN 

ROMAN FAUNAL ASSEMBLAGES*

 

 

Abstract 

Recovery methods can affect species richness in faunal assemblages, which can in 

turn impact interpretations of diet.  Comparing sample size to species richness across 

faunal collections from screened and from unscreened deposits associated with Roman 

occupations clearly shows these influences.  Twenty-four Roman sites were used for this 

study from England, Italy and the Netherlands. The rate of species input is higher for 

collections recovered using screening methods than for collections not recovered from 

screens, regardless of sample size.  Syntheses of published data and comparative analyses 

of faunal assemblages must be cognizant of whether or not included assemblages were 

recovered using screens. Differences in recovery methods could bias interpretations of 

diet breadth, evenness and heterogeneity within and between sites.  

 

                                                 
* An earlier version of this paper was published without discussion of the Maasplein data: Trusler, A. Kate. 
2014. Impact of Recovery Methods on Richness in Roman Faunal Assemblages. Archaeometry 56: 1075-
1084. 
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Keywords: Zooarchaeology; Roman; Recovery Methods; Species Richness.  

 

Introduction 

 It is common knowledge that archaeological recovery methods impact the amount 

and kind of information that can be gleaned from small or non-representative samples of 

faunal remains (Cannon 1999; James 1997; Payne 1972; see also Grayson 1984; Lyman 

2008). Despite this knowledge, a large number of collections from Roman sites were not 

recovered from screens, even after Payne’s landmark study. This becomes especially 

problematic when comparing multiple collections gathered using different recovery 

methods. Apparent variability in diet over large geographic areas or provinces relative to 

diets in mainland Italy, such as is the case in studying the Roman Empire, may be the 

result of variation in recovery. To explore the effect of recovery methods on the number 

of taxa (NTAXA) or species richness of a sample, I here compare richness to sample size 

to determine how the rate of species recovery varies between screened and unscreened 

faunal collections from Roman archaeological sites.  

 It is important to keep in mind the target variable of interest in studying faunal 

assemblages from this period and context. Perhaps the majority of studies are focused on 

dietary breadth and composition. NTAXA, evenness and heterogeneity (a simultaneous 

measure of richness and evenness) are variables of dietary breadth and diversity. 

Richness is used here because it is a simple measure and there typically is a positive 

statistical relationship between the number of identified specimens (NISP) or sample size 
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and NTAXA (Grayson 1984; Lyman 2008). This study measures the impact on 

taxonomic richness of recovery methods and attendant effects on the target variable of 

diet variability.  

 Past experimental studies and archaeological projects in the New World and 

Roman Italy have shown that different screen mesh sizes influence recovery; fine-mesh 

screens recover more remains of more small-bodied animal taxa than coarser-mesh 

(Lyman 2012; MacKinnon 2002; Shaffer and Sanchez 1994). Similarly, a study from a 

Neolithic and Bronze Age site in Greece found that screening relative to mere hand 

picking drastically changed the taxonomic abundances of even large-bodied and 

frequently occurring taxa (Payne 1975). My aim here is to illustrate how screening 

increases the number of species recovered and thus how screening improves our 

understanding of ancient Roman diet.  

 

Methods and Collections 

 Standard zooarchaeological procedures were used to measure the relationship 

between NISP and NTAXA (Grayson 1984; Lyman 2008). NISP and NTAXA data were 

converted to log10 to make trends graphically distinguishable (i.e. linear). Log 

transformed data were graphed to determine if there was a difference in rate of species 

input between screened and unscreened collections relative to sample size, measured as 

NISP. Research for this analysis was restricted to mammal remains due to the few sites 

with published taxonomic identification of fish and bird remains. Whether the lack of fish 

and bird remains was related to recovery bias or dietary preferences was not a topic of 
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study here because such could not be clearly ascertained from the published record. 

Mammal remains were determined to show recovery differences and I assume a similar 

result would be found for fish remains and for bird remains.  

 Twenty-four Roman sites with published faunal reports are used for this study 

(Table 1). Sites were selected based on access to published data that included NISP. Nine 

sites are located in mainland Italy; fourteen are in the United Kingdom; and the final 

assemblage is from the Netherlands. The diversity in locations illustrates that trends in 

recovery are visible regardless of differences in sediment conditions as the trend appears 

independent of any association with geographic distribution or temporal period. Further, 

the variety of site types eliminates socio-economic status as a cause for differences in 

taxonomic richness. The sites range in age from the second century BC to the mid-sixth 

century CE. Roman archaeological sites were chosen because of the dearth of literature 

on faunal recovery bias among such sites compared to studies in North American 

archaeology (Lyman 2012; MacKinnon 2002; Shaffer and Sanchez 1994). 

 Pertinent data from the faunal reports are summarized in Table 2. Ten of the sites 

were screened and eight were not screened. The remaining six sites did not disclose 

recovery methods employed. However, evidence suggests these sites were not screened. 

It remains far too common in many British excavations to not screen sediments (Meddens 

2000). Coupled with the fact that the taxa represented are mostly large-bodied, it seems 

likely that most of the faunal remains from these sites were recovered through 

handpicking. For these reasons, faunal collections from Fishbourne, Winterton, 

Calvatone, Bolsena, Cosa and Doncaster are included with the unscreened assemblages. 

The exclusion of these samples with unknown recovery methods does not change the 
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significant differences in NTAXA between screened and unscreened collections. No 

attempt was made to differentiate the amount of sediment that was screened, the method 

of screening (e.g., wet versus dry screening), or screen mesh size.  

 

 

Results and Discussion  

 Descriptive data for all collections are presented in Tables 2 and 3. Figure 1 

shows the relationship between NTAXA and NISP for the fourteen unscreened 

collections and the ten screened collections. A clear pattern emerges with respect to 

variation in recovery. The ten data points associated with the upper regression line have 

higher rates of taxa input relative to the NISP than the fourteen lower points. Those ten 

upper data points (San Giovanni di Ruoti, Settefinestre, Castle Copse, Birdoswald, Forum 

Hadriani, Carminiello, Bancorft, Wavendon Gate, Lugnano and Southwark) represent the 

ten sites that were screened. The sites vary geographically, coming from three countries, 

and in age, from the first century CE to the sixth century CE. The sites share in common 

an intensive recovery program. Cursory examination of the data suggests no spatial or 

temporal patterning is effecting the distribution so it is assumed to be irrelevant to the 

impact of recovery. No interval scale influence of temporal resolution is expected, as all 

the sites experience some time averaging, many over several centuries. Similarly, the 

distribution does not appear to be related to the type of site. The collections defining the 

upper regression line were recovered from a mix of villa, town and fort sites.  
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 While it is readily apparent that the average NTAXA for the screened sites 

(average = 16.3) is higher than for unscreened sites (average = 6.7), this value fails to 

address variability in sample size (Table 2). To assess the influence of sample size on 

taxonomic richness, the ratio of NTAXA:NISP can be used to measure the rates of 

taxonomic input. The average ratio for the screened collections is 1:220 or a rate of 

taxonomic input of one species for every 220 specimens. The average ratio for 

unscreened collections is 1:433 or a rate of taxonomic input of one species for every 433 

specimens. The rate at which taxa are added to an assemblage is nearly twice as rapid for 

screened assemblages as it is for unscreened assemblages.  

In different terms, the ratio of NISP:NTAXA can be used to determine the 

average number of species for screened and unscreened collections when sample size is 

the same. An arbitrary sample size of 4,000 (= NISP) was selected because it was roughly 

the average for the two types of samples.  Effectively, ratios were normed to a sample 

size of 4,000.  The average ratio for screened collections is 4000:18 and the average ratio 

for unscreened collections is 4000:9. Similar to the non-normed ratios of NTAXA:NISP, 

the normed values indicate that independent of sample size, screened assemblages have 

higher numbers of species than unscreened assemblages for any given sample size. Both 

non-normed and normed ratios demonstrate the effect of screening on Roman faunal 

assemblages.  

While it is not surprising based on previous studies that screening increases the 

number of specimens recovered, it also should not be surprising that screening increases 

the number of rare and small-bodied taxa in the collections. For example, Castle Copse 

and Fishbourne have similar NISP values, temporally overlap and are located in similar 



 
 

79 
 

geographic settings, but different recovery methods resulted in greater NTAXA per NISP 

from Castle Copse than from Fishborne, primarily in small-bodied taxa (see below). 

Screening influences NTAXA of similarly sized assemblages and highlights the need to 

screen if one wishes to have samples representative of, say, diet breadth. 

 There is a marked difference in the richness of taxa present (eg. Bath: Julian Road 

with four taxa [NISP = 314] and San Giovanni di Ruoti with 26 taxa [NISP = 10,877]) 

and the species present at these sites. Undoubtedly, sample size is a contributing factor to 

this difference, but screening can affect that as well. All the sites share four domesticates: 

cattle (Bos taurus), pig (Sus scrofa domesticus), sheep/goat (Ovis aries/Capra hircus) and 

horse (Equus caballus). Several sites had specimens of cat (Felis catus), dog (Canis 

familiaris), roe deer (Capreolus capreolus) and red deer (Cervus elaphus), but the 

greatest difference between the screened and unscreened assemblages was in small-

bodied taxa. There are no historical indications of voles (e.g., Microtus agrestis, Microtus 

pinetorum, Myodes glareolus, Arvicola terrestris), shrews (Soricidae), rats (e.g., Rattus 

rattus) or mice (e.g., Apodemus sylvaticus, Mus muschulus) being consumed in Roman 

diet, although several species were found at the screened sites. However, there are recipes 

for rabbit (Oryctolagus cuniculus), hare (Lepus europaeus) and edible dormice (Glis glis) 

(Alcock 2006; Apicius, tr. Flower and Rosenbaum 1958). Hares were rarely recovered 

from the unscreened sites including Wroxter, Derby and Doncaster. Otherwise, rabbit 

bones were only found in screened sites and the remains of edible dormice were limited 

to San Giovanni di Ruoti and Lugnano.  

Small-bodied taxa should not be assumed to be non-cultural on the basis of size 

alone when there are taphonomic indications of their consumption. Taxonomic richness is 
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a basic measure of examining the structure of a zooarchaeological assemblage. It is used 

frequently for studying dietary breadth. In the United States, where Human Behavioral 

Ecology models have become popular analytic tools, dietary breadth has proved valuable 

for interpreting human behavior relating to dietary choices (Lupo 2007). Such models 

cannot be accurately applied to unscreened assemblages where taxonomic richness is 

undoubtedly too low. Taxonomic richness also influences evenness and heterogeneity, 

making it difficult to use these more complex measures of dietary breadth and diversity.  

Dietary breadth and heterogeneity are not the only potentially impacted 

zooarchaeological measures. Size bias may not be restricted to just the small-bodied taxa. 

Payne (1975) has shown that medium-sized taxa could be underrepresented among 

unscreened assemblages and this includes sheep/goat, pig and deer thus influencing 

interpretation of diet for most Roman assemblages. How can archaeologists trust their 

data to make statements about and comparisons of abundance between sites when there 

are indications that at even a basic level of taxonomic analysis there is bias? I have 

demonstrated NTAXA is strongly influenced by recovery methods, but there is no way to 

post-hoc test whether taxonomic abundance is being influenced. Even if we arbitrarily 

select small-body sizes of animal to eliminate from studies because of the bias between 

screened and unscreened assemblages, we have no way of estimating the potential bias 

being introduced to the measures of the abundance of medium-sized taxa (Figure 2). This 

should make anyone attempting to compare sites cautious as we cannot know if the 

difference in pig abundance, for example, is the result differential recovery or cultural 

behavior. Consistent recovery methods reduce the risk of error and screening increases 
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the likelihood that the recovered assemblage more closely resembles the deposited 

assemblage.  

 In archaeological studies of zoological material, the target variable is often the 

thanatocoenose or death assemblage (Lyman 2008). What is of interest to most 

zooarchaeologists is the faunal assemblage that was produced by a human population in 

the past. However, the measured variable (the faunal assemblage recovered) is a sample 

of the material that was preserved, which is a sample of the material that was deposited. 

As archaeologists, we must assume that the measured assemblages are representative of 

human behavior in the assemblage of interest. While we cannot know with any certainty 

that a recovered assemblage perfectly represents the thanatocoenose in terms of 

taxonomic abundances, we must work with the data that are available and must endeavor 

to recover representative samples. The assumption that ultimately is made is that the 

relative abundances of animal taxa that are recovered are representative of behavior in the 

past (target). However, numerous studies, some of which are discussed above, indicate 

that excavation methods that do not include screening bias assemblages towards larger 

specimens and thus larger-bodied animals. Screening produces assemblages that more 

closely represent the abundances of specimens in the ground and therefore, more closely 

represent assemblages as they were produced.  

 

Conclusion 

 A substantial problem exists in attempting to synthesize and compare the 

economic and dietary aspects of Roman sites because varied recovery methods have been 
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employed. A number of Roman sites in the United Kingdom, and throughout the Roman 

world, were excavated before zooarchaeological information was deemed worthy of 

scientific study. Reports on many more sites offer minimal information on or 

interpretation of recovered faunal remains (MacKinnon 2002). It is important to 

understand the effects of recovery on interpreting the reported faunal material if one’s 

research questions concern diet or food species. Given that most burrowing animals do 

not dig to die and that not all small mammals have subterranean existences, it may be an 

oversight to ignore this key piece of evidence that can provide insights into 

environmental conditions and cultural behavior (Morlan 1994). It has long been known 

that screening increases the rate at which species are recovered and provides a more 

complete indication of the range of taxa in a deposit. The fact that many modern 

excavations of Roman sites do not include screening of excavated sediments suggests the 

study of incomplete recovery presented here is necessary to demonstrate the magnitude of 

the deficiencies of recovered samples.  It is to be hoped that this demonstration will serve 

as a stimulus to initiate regular screening of sediments. 

 

Relevance of Analysis of Recovery to Study of the Maasplein Fauna 

Screening methods in the Netherlands in general and in the Nijmegen region 

specifically have historically not been explicit or consistent (Filean 2006; Lauwerier 

1988; Whittatker 2002). Before 1975 virtually no screening occurred and even now, 

limits on time hamper large scale screening on major construction and salvage projects. 

While some screening did occur at Maasplein, it was limited to select contexts (mainly 

the Temple of Fortuna and select soil samples). I have not been able to confirm if any of 
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the units I analyzed were recovered using screens, but the low richness (NTAXA = 8, 

NISP for mammals at species level identification = 2779) and dearth of small bodied taxa 

would suggest hand-collected samples. Figure 3 lends credence to my surmise that the 

Maasplein units I identified were from unscreened units of the assemblage because the 

Maasplein sample falls close to the best fit line for unscreened assemblages.  
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Figures 

 

Figure 1: Relationship between NTAXA and NISP based on data from Table 3. 
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Figure 2: Hypothetical model illustrating the potential bias being introduced to species 
abundance in unscreened assemblages. 
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Figure 3: Relationship between NTAXA and NISP including data from Maasplein. 
Arrow indicates Maasplein sample.  
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Tables 
 
Table 1: Summary of site locations and period of occupation. 

Site 
Site 

location 
Settlement 

type Site date References 
San Giovanni 
di Ruoti 

Southern 
Italy Villa 

1st century CE – Mid–
6th century 

Small and Buck 
1994a 

Settefinestre Central Italy Villa 
Late 1st CE – 3rd 
century Carandini 1985 

Fishbourne 
Southern 
England Villa 

1st century CE – CE 
270 Cunliffe 1971 

Castle Copse 
Southern 
England Villa 

1st century CE – Late 
4th century  Howe 1997 

Winterton 
Eastern 
England Villa 

Late 2nd century CE – 
4th century Stead 1976 

Monte Gelato Central Italy Villa 2nd century CE 
Potter and King 
1997 

Bancroft 
Central 
England Villa 

1st century CE– 4th 
century Zeepvat 1994 

Lugnano Central Italy Villa/Cemetery 5th century CE Mackinnon 1999 

Calvatone 
Northern 
Italy Townsite 

Late Republic – Mid–
5th century Wilkens 1990 

Wroxeter 
Central 
England Townsite 

2nd century CE – 4th 
century 

Ellis and White 
2000 

Bath: 
Bath/Beau 
Street 

Southwest 
England Townsite 

1st century CE– 5th 
century Davenport 1999a 

Bath: Julian 
Road 

Southwest 
England Townsite 

3rd century CE – Mid–
4th century Davenport 1999b 

Forum 
Hadriani Netherlands Townsite 

1st century CE – 
Late–3rd century 

Bink and 
Franzen 2009 

Bolsena Central Italy Townsite 
2nd century BC–1st 
century CE 

Tagliacozzo 
1995 

Cosa Central Italy Townsite 2nd century BC Scali 1993 

Doncaster 
Northern 
England Townsite 

1st century CE –2nd 
century 

Buckland and 
Magliton 1986 

Carminiello Central Italy Townsite 
2nd century CE– 6th 
century King 1994  

Wavendon 
Gate 

Central 
England Townsite 

1st century CE– 4th 
century 

Dobney and 
Jaques 1995 

Southwark  
Southern 
England Townsite 

1st century CE– 4th 
century Locker 1988 

Birdoswald 
Northern 
England Fort 

2nd century CE – CE 
400 Wilmott 1997 

Cirencester 
Western 
England Fort 1st century CE Wacher 1982 

Derby 
Central 
England Fort 

2nd century CE–4th 
century Harman 1985 

Spilamberto 
Northern 
Italy Farmstead 

1st century BC –1st 
century CE Farello 1988 

Thornhill 
Southern 
England Farmstead 

1st century CE– 4th 
century 

Jennings, Muir 
and Smith 2004 
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Table 2: Summary of faunal assemblages. 

Site 
Approx. 

Total NISP 
Mammal 

NISP 
Total 

NTAXA 
Mammal 
NTAXA Screened References 

San 
Giovanni di 
Ruoti ~15,000 10877 57 26 yes 

MacKinnon 
2002, Eastham 
2002 (avian) 

Settefinestre ~6000 5188 90 20 yes King 1985 

Fishbourne ~3,500 2501 20 8 n/a 

Grant 1971, 
Eastham 1971 
(avian) 

Castle 
Copse ~4,000 2025 55 17 yes Payne 1997 

Winterton ~5,000 4161 8 8 n/a 

Higgs and 
Greenwood 
1976 

Monte 
Gelato ~600 532 18 7 no 

King 1997, 
West 1997 
(avian), 
Cartwright 
1997 (fish) 

Bancroft ~5000 4819 27 13 yes Levitan 1994 

Lugnano ~1100 870 23 17 yes 
Mackinnon 
1999 

Calvatone ~1000 982 3 3 n/a Wilkens 1990 
Wroxeter ~24,000 19576 16 10 no Meddens 2000 
Bath: 
Bath/Beau 
Street ~3500 3115 11 9 no Barber 1999a 
Bath: Julian 
Road ~300 314 5 4 no Barber 1999b 
Forum 
Hadriani ~3,500 1305 44 15 yes 

de Vries and 
Zeiler 2009 

Bolsena ~1200 1130 16 6 n/a 
Tagliacozzo 
1995 

Cosa ~100 112 4 4 n/a Scali 1993 
Doncaster ~350 325 8 8 n/a Turner 1986 

Carminiello ~6000 4476 49 16 yes  

King 1994, 
Rielly 1994 
(avian), 
Rhodes 1994 
(fish) 

Wavendon 
Gate ~2000 2209 15 12 yes 

Dobney and 
Jaques 1995 

Southwark  ~3500 3200 20 11 yes Locker 1988 
Birdoswald ~1,100 911 25 16 yes Izard 1997 
Cirencester ~800 808 8 7 no Thawley 1982 
Derby ~5500 5397 17 9 no Harman 1985 
Spilamberto ~300 280 6 4 no Farello 1988 
Thornhill ~1500 1480 8 7 no Levine 2004 
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Table 3: NTAXA, NISP and log10 transformed data for mammal taxa from sites 
analyzed.  

Site Log NISP Log NTAXA Recovery Method 
San Giovanni di Ruoti 4.037 1.415 Screened 
Settefinestre 3.715 1.301 Screened 
Fishbourne 3.398 0.903 Unscreened 
Castle Copse 3.306 1.230 Screened 
Winterton 3.619 0.903 Unscreened 
Monte Gelato 2.726 0.845 Unscreened 
Bancroft 3.683 1.114 Screened 
Lugnano 2.940 1.230 Screened 
Calvatone 2.992 0.477 Unscreened 
Wroxeter 4.292 1.000 Unscreened 
Bath: Bath/Beau Street 3.493 0.954 Unscreened 
Bath: Julian Road 2.497 0.602 Unscreened 
Forum Hadriani 3.116 1.176 Screened 
Bolsena 3.053 0.778 Unscreened 
Cosa 2.049 0.602 Unscreened 
Doncaster 2.512 0.903 Unscreened 
Carminiello 3.651 1.204 Screened 
Wavendon Gate 3.344 1.079 Screened 
Southwark  3.505 1.041 Screened 
Birdoswald 2.960 1.204 Screened 
Cirencester 2.907 0.845 Unscreened 
Derby 3.732 0.954 Unscreened 
Spilamberto 2.447 0.602 Unscreened 
Thornhill 3.170 0.845 Unscreened 
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CHAPTER 4:  

EVALUATING SOCIOECONOMIC STATUS USING SUS SCROFA 

FOOD UTILITY INDICES IN HISTORICAL FAUNAL 

ASSEMEBLAGES† 

 

 

Abstract 

A number of researchers have inferred socioeconomic status using zooarchaeological 

data in contexts suggested by artifacts to reflect a particular status level. A theoretically 

informed model suggests food utility may reflect purchasing power.  Cuts of meat that 

are of relatively high yield (“utility”) should be more economically valuable than low-

yield carcass parts. The model assumes that people of high socioeconomic status will 

preferentially acquire greater relative frequencies of high yield (high cost) parts than 

people of low status. The model was applied to the Roman villa at San Giovanni di Ruoti, 

Italy (1st-6th century CE) and the Roman town of Maasplein, The Netherlands (2nd-4th 

century CE, using a food utility index for pig (Sus scrofa). Results indicate that for the 

early phases of the villa, as predicted, there are relatively more high-yield parts, reflecting 

                                                 
† An earlier version of this paper was published without discussion of the Maasplein data:  
Trusler, A. Kate. 2016. Evaluating Socioeconomic Status Using Sus Scrofa Food Utility Indices. 
Archaeological and Anthropological Sciences DOI:10.1007/s12520-015-0306-8. 
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high status, while the last phase contains relatively more low-yield parts. This supports 

the conclusions made by the original excavators that in the later phases of the site, it was 

operating as a commercial farm. This test of the model demonstrates that food utility 

indices in conjunction with other contextual data can be used to identify socioeconomic 

status and suggest reasons for deviations from expectations of skeletal part frequencies.  

 

Keywords: Zooarchaeology, Food Utility Indices, Socioeconomic Status, Roman. 
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Introduction 

 Identifying socioeconomic status differences in archaeological contexts is 

important for our understanding of behavioral differences associated with social 

stratification within cultures.  Using zooarchaeological data to examine socioeconomic 

status in state-level societies has become popular in recent decades (e.g., Ashby 2002; 

Crabtree 1990; deFrance 2009; Ervynck et al. 2003; Gumerman 1997; Landon 2005). 

Typically, socioeconomic status is first established by contextual evidence (e.g., artifacts 

or architecture) and then associated taxa and/or skeletal parts are discussed, often in terms 

of meat cuts (e.g., Ashby 2002; Bobik 2011; Landon 2005; Schulz and Gust 1983; Stokes 

2000). 

 Schulz and Gust (1983) were among the first to grapple with differences in 

skeletal part frequency as a reflection of social status in historic assemblages. They 

examined the faunal assemblages from four properties in 19th century Sacramento (City 

Jail, Hannan’s Saloon, Klebitz and Green’s Saloon, and the Golden Eagle Hotel). 

Historical documents were used to establish the socioeconomic status of the patrons of 

the properties. The authors organized skeletal elements into meat cuts and then used 

contemporary records of cost-per-pound data to rank meat cuts by economic cost. They 

found that high cost cuts of meat were more frequently found at the high-status hotel than 

at the lower-status properties; the jail had the lowest proportion of high-cost cuts.  

 Lyman (1987) formalized Schulz and Gust’s study into an interpretive model and 

noted that socioeconomic status involves a complex interaction between multiple factors 
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including occupation, income and prestige. Lyman proposed that cost-efficiency, rather 

than cost-per-pound, was a better method of evaluating the socioeconomic meaning of 

faunal remains because it accounts for both the economic investment (cost) and meat gain 

(return). This elaboration of the model allowed for discussion of economic acquisition of 

meat in terms of the direct cost of the cut and utility or the amount of meat per cut. 

Importantly, no correlation between cost-per-pound and cost-efficiency was found 

(Lyman 1987; see also Huelsbeck 1989). Using the same sites as Schulz and Gust, 

Lyman found that the City Jail contained many low cost, but relatively high-yield parts, 

while the Hotel contained many high cost, but low-yield parts. While Lyman’s study did 

not entirely contradict Schulz and Gust, it highlighted the complex nature of determining 

the socioeconomic meaning of skeletal part frequencies.  

Schulz and Gust (1983) and Lyman (1987) utilize cost-per-pound data in 

historical documents concerning California and dating to approximately the same time 

period as the zooarchaeological remains. However, such is not possible with cultures for 

which prices are largely unknown (e.g., the Edict of Diocletian’s provides very limited 

information on meat costs, primarily noting differences between species, in the late 

Roman Empire [Diocletian tr. Murray 1826]). Research has shown that cost (e.g., dollars 

per pound) can vary significantly from the yield of particular cuts, even within 

supposedly culturally homogenous groups (Bartosiewicz 1997). Data on the cost of meat 

cuts (geographically close to the site and from the same time period of occupation) are 

not available for many historic sites. Fortunately, models based on variables other than 

cost-per-pound have proved analytically useful. 
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In this paper, I introduce the use of a theoretically informed model for inferring 

social status on the basis of zooarchaeological data. The model uses food utility indices 

as a proxy for economic purchasing power. Cuts of meat that are of relatively high yield 

or “food utility” (Binford 1978) are initially modeled as economically more valuable than 

low-yield parts. Therefore, the model predicts that people of high socioeconomic status 

will preferentially acquire greater frequencies of high-yield parts than people of low 

status.  

 

Justification 

While zooarchaeological bone often represents utilized parts of an animal, the 

number of steaks and roasts (butchery units) and the exact pounds of meat represented by 

a bone assemblage cannot be reliably determined (Lyman 1977, 1979, 2008). Butchery 

units themselves may be unrecognizable because of density mediated attrition, the 

epiphenomenal nature of cut marks, etc. (Lyman 1979, 2008). Similarly, “taste” and 

cultural preference are difficult to determine in the archaeological record (Lyman 1977; 

Smith 2006). What we can record is skeletal part frequencies (number of cervical 

vertebrae, distal tibiae, proximal humeri, etc.). If we know the food yield or utility of 

these archaeologically visible phenomena, we can design a hypothetical model for 

identifying socioeconomic status that is independent of archaeological context and 

associated artifacts. The model implemented here evaluates skeletal part frequencies in 

terms of each part’s food utility. If correctly designed, the model will reveal how 

efficiently (cost-benefit ratio) people exploited a carcass. If the predictions of the model 

are not met by faunal material recovered from a socioeconomic context determined by 
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associated artifacts, the model will need to be modified.  Further, if the faunal remains do 

not meet the predictions of the model, there is the potential to learn something about 

inefficiencies (in terms of cost-benefit) of human behavior. Failure to meet the 

predictions of the model suggests that some factor other than food utility is driving the 

pattern of skeletal part frequencies; that factor may be cultural preference or individual 

taste, or perhaps natural taphonomic processes. 

Although food utility indices were first developed to measure transport decisions 

among hunter-gatherers (Binford 1978), food utility indices are not unlike the skeletal 

part frequency rankings developed in earlier research (Lyman 1987; Schulz and Gust 

1983). Knowledge about part preference based on cost-per-pound, even when available, 

often emerges through an elite filter and thus either does not provide insight into the 

attitudes of non-elites or provides inaccurate insights [e.g., Crader (1990) reported 

significant differences between elite records of slave diet and recovered archaeological 

evidence]. Additionally, stated preferences may not reflect actual behavior (e.g., Rathje 

1979; Rathje and Murphy 1992). Taste preferences among the Romans are poorly known 

(Apicius tr. Flower and Rosenbaum 1958; Diocletian tr. Murray 1826; MacKinnon 2001) 

but may be revealed via application of a food utility model to collections from a variety 

of archaeological contexts of varied socioeconomic classes.  

The food utility model is based on the meat, marrow and grease associated with 

each skeletal element; it provides a ranking of skeletal parts (based on food yield) which 

is advantageous because it does not require data on cost (-per-pound) of specific meat 

cuts and avoids biases that may be present in the written record. Although the presumed 

relationship of cost and yield may be false, yield provides an initial “frame of reference” 
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(Binford 2001: 48) against which skeletal part frequencies can be examined.  

Socioeconomic status as determined by artifacts and context will provide a test of the 

modeled relationship between cost and yield. If the predicted relationship between utility 

and socioeconomic context is not found, then causal factors other than yield will be 

implicated (e.g., transportation, taste, cultural preference). This study introduces and uses 

a newly developed food utility index for domestic pig (Sus scrofa) to examine 

socioeconomic status in the faunal assemblage from the Roman villa at San Giovanni di 

Ruoti, Italy.  

 

Background 

Measuring Socioeconomics with Faunal Remains 

 Socioeconomics can be examined from a variety of perspectives such as trade and 

differential distribution of animals (or animal parts) among socioeconomic classes. Are 

certain socioeconomic groups associated with animal products acquired by long distance 

trade? Do high-status groups have access to different types or more types of meat than 

low-status groups? Do carcass part frequencies reflect differences in class or between 

producers and consumers? Are animals killed at sub-prime ages reflecting selective 

harvest? These questions are typically answered by study of species richness and 

abundance, mortality profiles, and carcass (skeletal) part frequency (Crabtree 1990). 

Higher taxonomic richness or access to a wide variety of taxa is commonly linked to high 

status, generally on the basis of exotic taxa being rare (Crabtree 1990). Mortality profiles 

consider the age of the animal. Studies have used the consumption of young animals or 



 
 

103 
 

subprime animals as an indication of high socioeconomic status because the meat is 

thought to be a delicacy and high-status individuals are more likely to have the means to 

underutilize an animal or acquire costly delicacies. Discussion of skeletal part frequencies 

will be addressed in greater detail in the following subsection, but for the other 

methodological avenues few differences exist between Crabtree’s discussion (1990) and 

Ashby’s (2002) or Ervynck et al.’s (2003) more than a decade later. The greatest 

innovation has been a larger appreciation of data limitations such as those that result from 

inadequate recovery techniques (Ervynck et al. 2003; Trusler 2014; Chapter 3 of this 

volume). 

A number of studies have identified socioeconomic differences between faunal 

assemblages. Ashby (2002) examined medieval assemblages and found that high-status 

loci had higher proportions of deer, wild birds and other wild game most likely as the 

result of hunting restrictions on low-status individuals. Crader (1990) noted the presence 

of wild species in slave quarters at Monticello as indicators of dietary stress. In these two 

cases increased dietary breadth was associated with either high (Ashby 2002) or low 

(Crader 1990) status. Mayan faunal assemblages also displayed differential distribution 

of animal species relating to status (Emery 2003). Goat kids have been linked to medieval 

elite assemblages (Ashby 2002). Remains of species found outside of their natural ranges 

have been cited as indicators of long-distance trade and increased purchasing power 

(Crabtree 1990). Studies have not been limited to state-level societies as 

zooarchaeological markers of status were found in Moundville chiefdoms (Welch and 

Scarry 1995).  
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During ethnoarchaeological research in the Congo Basin among modern Central 

African farmers Schmitt and Lupo (2008) found that greater material wealth was 

associated with more meat and factors such as profession influenced the amount of meat 

in a household regardless of socioeconomic status. This suggests that other factors may 

be confused with socioeconomic status. It could be argued that in a state-level society 

there would be more complexity that would lead to greater hierarchical differences in the 

use of meat. Inconsistent socioeconomic interpretations based on similar evidence (e.g. 

hunted meat) have, however, been reported (e.g., Crabtree 1990; Crader 1990). Finally, 

several potential problems can occur with interpretation based on context where the 

measured variables may not represent high or low-status consumers, but, say, producers, 

secondary consumers in the property, or easier access to a species such as fish and 

proximity to the sea (Ashby 2002; Gumerman 1997).  

 

Food Utility Indices and Skeletal Part Frequencies 

While the issue of skeletal part frequencies of animal remains had been known for 

some time (e.g., Perkins and Daly 1968; White 1952, 1953), Binford’s (1978) work with 

the Nunamiut produced formal models of carcass transport based on the food utility or 

yield of carcass parts. Binford (1978) focused, as did his intellectual followers, on the 

differential transport of carcass parts from kill sites to consumption sites. To evaluate the 

decision making process and how this could impact bone assemblage formation, Binford 

created utility indices for caribou (Rangifer tarandus) and domestic sheep (Ovis aries) 

using the amounts of meat, marrow and grease associated with particular skeletal parts. 

Binford designed a model using the utility indices and frequencies of skeletal parts to 
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show the Nunamuit generally first select high-yield parts to transport to the consumption 

site (see also Metcalfe and Jones 1988). Since then, a number of indices have been 

constructed for additional species (e.g., Blumenschine and Caro 1986; Emerson 1993; 

Madrigal and Holt 2002; Savelle and Friesen 1996). Minimal work has focused on 

domesticated species [(e.g., sheep (Binford 1978); pig marrow (Edwards and Steele 

2011); see also (Filean 1997, 2006; Whittaker 2002)]. The focus has been on transport 

decisions as part of dietary strategies and interpretive models have been mostly applied to 

North American prehistoric sites. However, a utility model can be developed with the 

aim of identifying socio-economic differences as reflected by differential access to 

skeletal parts as the result of varied purchasing power (Lyman 1987; Schulz and Gust 

1983).  

Food utility indices operationalize the utility model, which assumes the utility 

(food value) of individual skeletal elements is directly related to cost per element. In 

other words, cost-per-pound is assumed to not vary across different cuts of meat. The 

model, therefore, predicts that high status is associated with numerous high-utility parts 

and few low-yield parts, while low-status people will have restricted access to high-utility 

parts and thereby, greater reliance on low-yield skeletal parts (Figure 1). As noted above, 

this will not be true in-so-far as cost-per-pound varies across skeletal parts. 

Differential access to skeletal parts has been considered in some faunal projects 

concerned with socioeconomics (e.g., Lyman 1987), but in general those studies have not 

considered the implications of the different “utility”—Binford’s (1978) word for food 

yield—of skeletal parts.  Ashby (2002) discounts the study of skeletal part frequencies 

because we lack a method for linking this variable to socioeconomic rank. Ervynck et al. 
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(2003) believe it is possible to link high quality cuts, which are not defined, to high 

status. However, their discussion is heavily dependent on archaeological context to 

identify what is high quality; skeletal parts that are found in a high-status context are 

inferred to be of high socioeconomic value and, by implication, of high quality. Crader 

(1990) defined which parts were higher or lower “quality” (based on perceived 

desirability as described in historical documents), but the categories are not quantitatively 

based on the animal so they cannot be replicated where documentation is not present and 

the categories differentiate only two types of meat in a situation that likely involves a 

continuum of variability. Food utility indices – measures of weight yield of edible tissue 

associated with a skeletal part – can be used as a first approximation of socioeconomic 

status when historic monetary costs of meat are unknown. Moreover, food utility indices 

might eventually be used to interpret frequencies of skeletal parts as reflecting high or 

low status independent of context and associated artifacts. To do so successfully, 

however, the presumed relationship of the utility indices to socioeconomic status must be 

tested.   

Cost is monetary investment and return or benefit is the weight of edible tissue 

associated with purchased animal parts. Because cost is not directly known in the 

archaeological record, and return in the form of exact nutritional value is also unknown, a 

proxy measure is established following Binford’s (1978) and others’ (e.g., Blumenschine 

and Caro 1986; Emerson 1993; Madrigal and Holt 2002; Savelle and Friesen 1996) lead. 

My model assumes that the highest utility skeletal part (where “utility” is measured by 

amount of consumable soft tissue/meat, marrow and grease associated with the skeletal 

part) has the highest return and as a result should cost the most. People of high 
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socioeconomic status will have less restricted access to high utility skeletal parts than 

low-status people. In the remainder of this paper, I test the model with zooarchaeological 

materials associated with apparent socioeconomic status differences. 

 

Methods  

 For this study, a food utility index for domestic pig was produced. A six-month 

old female pig was acquired and butchered in carcass portions representing individual 

whole skeletal elements (e.g., humerus, tibia) or element groups (e.g., ribs, forelimb foot 

including carpals, metacarpals and phalanges). The gross weight of each carcass portion 

was weighed after removal of the hide. As much meat as possible was then removed 

using steel knives and the bone and the meat were weighed separately. Following initial 

butchering, all the elements were frozen until they could be processed for marrow and 

grease. Long bone elements that were processed for marrow were boiled for 

approximately 30 minutes to remove any adhering tissue before marrow was extracted. 

Grease was collected after 6–8 hours of boiling. Determination of time was based on 

periodic inspection and boiling was stopped after the rate of grease release in a half hour 

period was no longer noticeable.  

For each skeletal element or element unit I recorded the meat, marrow and grease 

weight in grams, as well as the gross weight, wet bone weight and dry bone weight 

(Table 1). Meat weights were not collected for the feet due to considerations of time in 

disarticulation. The formula for calculating the unstandardized food utility index (FUI) is: 

  FUI = gross weight of part – dry bone weight of part 
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This method of calculating utility takes into account the total food utility of the part 

(meat, marrow and grease) (Metcalfe and Jones 1988). The food utility index was then 

standardized (sFUI) to scale the data, which allows for easier graphic comparison of 

results. Standardization was accomplished by identifying the part with the highest FUI, 

and then dividing the FUI of all other parts by that greatest FUI and multiplying by 100 

(Table 2). ‘Riders’ are low-utility parts that are transported largely because they are 

attached to high-utility parts and are a serious concern among foragers with limited 

transport ability (Binford 1978). I presume they are an insignificant concern among 

classical and historic societies. 

The Roman villa site of San Giovanni di Ruoti was selected as an archaeological 

test case because of the large assemblage of pig remains and availability of pertinent data 

(MacKinnon 2002). The most abundant portion of each element tallied by overlapping 

anatomical features is the MNE (minimum number of elements) value. The San Giovanni 

di Ruoti material is published as minimum number of individuals per element, but was in 

reality calculated as an MNE (MacKinnon, Pers. Comm.). Using the published data, I 

calculated the %MAU for pigs during each period of occupation at San Giovanni (Table 

3). Minimum animal units (MAU) were calculated by dividing the MNE value for a 

skeletal element by the number of times that element occurs in one skeleton (irrespective 

of left or right side for paired elements). MAU assumes that consumers will make no 

distinction between left and right skeletal elements, such that 3 left and 3 right femurs is 

just the same in terms of food utility (and MAU) as 6 left femurs (Binford 1978). Finally, 

%MAU is calculated by dividing each MAU value (one value per category of skeletal 

part) by the most abundant MAU in the collection and multiplying by 100. %MAU 
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values are plotted against food utility per category of skeletal part so that the relationship 

of the two variables may be visually inspected along with consideration of the correlation 

coefficient (Beaver 2004). If multiple %MAU values (e.g., calcaneus, phalanges) 

corresponded to a single sFUI unit (e.g., hindlimb foot), I selected the highest %MAU 

value for analysis with the assumption that it represented the minimum value present at 

the site for that unit. For example, if radius %MAU was 15 and ulna %MAU was 30, I 

used 30 %MAU of ulna for the sFUI of the radio-cubitus. Elements with no recorded 

values and one outlier (other vertebrae for period 1) were excluded. This largely only 

affected the rib unit as none were identified to species in the assemblage and thus the 

highest FUI value part was excluded. An averaged sFUI value was created for other 

vertebrae to correspond with MacKinnon’s skeletal category of “all verts”. 

Food utility indices are ordinal scale because of variation in animal body weight 

due to age, sex, season of harvest and (potentially) breed. The economic value of meat 

(and other soft tissue) associated with a particular skeletal part is also relative to the other 

skeletal parts. Individual breed, age, sex and season of harvest likely impact utility at an 

interval scale; for this study, I assume these variables do not influence the rank order of 

the sFUI and are statistically insignificant at an ordinal scale. For purposes of this study, 

Spearman’s rank-order correlation coefficient (rho) is used to examine the relationship 

between the utility index and frequencies of pig skeletal parts. Correlation coefficients 

can be compared to contextual data on socioeconomic status for each distinct assemblage. 

 Concerns over equifinality with respect to causes of skeletal part frequencies—in 

particular, density-mediated attrition versus differential transport or access to carcass 

parts—are well founded (Binford 1978; Lyman 1994, 1985, 2014; Pickering et al. 2003; 
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Stiner 2002). Because skeletal part frequencies are the archaeological variable necessary 

to implement the economic utility model, it is critical to determine if faunal assemblages 

have undergone density-mediated attrition such as that caused by carnivores (Lyman 

1994). As Lyman (1985) showed, if there is a correlation between utility and density, 

then there likely will be one between utility and skeletal part frequencies, thus 

introducing equifinality. I use density values for skeletal parts of pig to first determine if 

there is a correlation between skeletal part frequencies and density (Ioannidou 2003).  If a 

correlation is present, but there is little evidence of carnivore activity (e.g., gnawing 

damage), I assume that assemblages correlated with the utility indices are a result of 

human behavior in light of the fact that the correlation between skeletal part frequencies 

and density may be a spurious result of some unclear relationship between transport and 

density. Ioannidou (2003) did not include density measures of the ribs as part of her 

analysis so the highest utility part is excluded. Ioannidou took multiple bone density 

measurements for each element. I selected the highest density region for each sFUI 

element or unit with the assumption that denser bone areas were the most likely region to 

be recovered if density-mediation attrition was occurring. For pigs, no significant 

correlation was found between bone density and utility (rho = –0.085, p = 0.815), 

indicating that equinity between utility and density and between utility and skeletal part 

frequencies is unlikely (Figure 2). MacKinnon (2002) reports good preservation at San 

Giovanni di Ruoti. Carnivore damage is more commonly found on long bones and 

Mackinnon suggests carnivore activity on pig bones remained consistent during site 

occupation. The latter suggests that even if there is a small degree of carnivore attrition, 
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which seems likely given apparent gnawing damage, there is no evidence that damage 

varies in intensity or extent across the temporally distinct faunal assemblages examined. 

 

Archaeological Application 

Site 

  San Giovanni di Ruoti is near the western watershed of the Apennines in 

mainland Italy (Small and Buck 1994a, 2002; Steele et al. 1979). The site reflects three 

separate villa constructions and four temporal periods from first century CE to the middle 

of the sixth century. Until its later phases, the site was rather remote from large 

commercial markets (Buck 1971; Small and Buck 1994a). The Period 1 villa (early first 

century CE until about CE 220) was large at 4000 m², but without much architectural 

enhancement (Small and Buck 1994a, 1994b, 2002). In this and the subsequent period, 

the general economy of the area was focused on resources gained from the surrounding 

forest [wild boar (Sus scrofa fer.), lumber], agriculture and stock farming (Small and 

Buck 1994c). After the first villa was abandoned, site occupation resumed about a 

century later in CE 340 when the villa was repaired and modified (Period 2), and that 

structure remained until CE 400 (Small and Buck 1994a, 1994d, 2002). Once again, the 

villa was fairly modest following the economic and political problems of the third 

century. Around the beginning of the fifth century, the earlier villas were demolished and 

a large, grander, typical Late Antiquity villa was constructed (Period 3A). Following an 

earthquake in CE 460, the villa was rebuilt and nearly doubled in size (Period 3B) before 

being destroyed in a fire around CE 540 (Small and Buck 1994a, 1994e, 1994f, 2002). 
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The prosperity of the latest villa was marked with an apsidal hall, a new bath complex 

and a dining room, all of which were tiled with mosaic floors. Commercial pork 

production is credited for sparking the economic growth at the site in Period 3B. 

Temporal resolution permits comparison between the phases of villa construction. The 

faunal material is published in detail and the well documented socioeconomic 

interpretation of the finds from the excavation make San Giovanni an excellent collection 

with which to evaluate whether the economic utility model indeed captures 

socioeconomic differences (MacKinnon 2002).  

 

Predictions 

 The model predicts that the faunal material from the villa will contain relatively 

more high utility than low utility skeletal parts, reflecting the high-status architecture of 

the villa. Although the architecture in Period 1 is modest, the site is large and more 

complex than a rural farmstead. I expect a positive correlation between food utility and 

%MAU as a result of enhanced economic access. Similarly, in Period 2, when the villa 

undergoes repairs and minor modification, I expect the site to retain a high-status 

signature. During Period 3A, the villa is expanded with more elaborate decoration so I 

would expect a stronger correlation between food utility and skeletal part frequencies to 

reflect increasing status. Economically, a different pattern could be present in Period 3B. 

While the architecture features more embellishment suggesting increasing socioeconomic 

status, the excavators have interpreted that wealth as originating from commercial pork 

production. As a result, high-utility parts may more frequently have been marketed rather 
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than consumed on-site. If so, the correlation between utility and skeletal part frequencies 

may be negative.  

 

Results 

The relationship between sFUI and %MAU in each assemblage is shown in 

scatterplots (Figures 3–6). None of the correlations are significant; however, given that 

the economic utility model includes trends that are potentially curvilinear, the assumption 

of linear association may not be justified and the statistic may not be meaningful. Faunal 

data are, at best, ordinal scale and may only be nominal (Lyman 2008). As a result, 

interpreting the rank-order correlation coefficients as heuristic indicators of the general 

trend of a sample will be sufficient. From that perspective, the chronological trend in 

scatterplots and coefficients are suggestive. In Period 1, the pattern most clearly 

resembles the high-status pattern that would be expected with abundant high-yield parts 

and relatively few low-yield parts (Figure 3). For this period, the correlation is positive 

(rho = 0.545, p = 0.103), suggesting that there are relatively more high-yield parts than 

low-yield parts. This period has the smallest sample size (NISP = 108) (MacKinnon 

2002), and this may obscure any underlying pattern. In Period 2, the pattern appears 

almost neutral (Figure 4), although the correlation remains positive (rho = 0.368, p = 

0.265). Again, the positive relationship suggests that there were relatively more high-

yield parts than low-yield parts. In the last two periods, there is a noticeable change from 

the expected positive relationship. In both Period 3A and 3B, the pattern most closely 

resembles Binford’s reverse utility model (Binford 1978) or low status with limited 

amounts of high utility/status parts (Figures 5 and 6). In Period 3A, there is no correlation 
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(rho = 0.00, p = 1), suggesting approximately equally quantities of high and low-yield 

parts. In Period 3B, the correlation is negative (rho = –0.168, p = 0.602), indicating 

relatively few high-yield parts.  

 

Discussion 

Although not what was expected for a high-status site that appears to grow in 

wealth (or socioeconomic status) over time, the results do reflect the original researchers’ 

conclusions. Periods 1 and 2 largely conform to the predictions that were made for a 

high-status site. Changing from the expected pattern of relatively many high-utility parts, 

Periods 3A and 3B samples contain relatively few high-yield parts. In Figures 4 and 5, 

what we may be seeing is a departure from retaining high-utility parts for consumption at 

the villa to a practice of exporting those parts for economic gain. Sample sizes are 

greatest in Period 3B (NISP = 6677), which was part of the evidence that lead the original 

researchers to conclude that commercial pork production was occurring at the site 

(MacKinnon 2002; Small and Buck 2002). Results here suggest the economic practice 

that lead to the massive expansion of the villa in Period 3B may have had its start earlier 

in Period 3A. The lack of a correlation (positive or negative) between utility and skeletal 

part frequencies in Period 3A may represent a transition during which the villa was 

operating as a commercial farm, but had not yet developed the wealth to undergo the 

Period 3B improvements and expansion. In Period 3B, some high-yield parts are present 

in the assemblage, but it is dominated by low-yield parts, presumably the butchering 

waste of the commercial farm. The resulting reverse utility curve fits nicely with the 

interpretation that most of the high-yield parts were removed for sale.  
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The results for San Giovanni suggest the food utility model and the utility indices 

are sufficiently aligned with whatever the cost-per-pound of pig carcass portions may 

have been to yield insight to past socioeconomic status.  Those results also demonstrate 

that the model and utility indices have the potential to explore deviations from the 

expected (modeled) patterns of skeletal part frequencies that could prove interesting in 

future cases. Instead of a post-hoc use of context and artifacts to inform us about the 

socioeconomic implications of faunal material, the model and indices could be used to 

interpret the socioeconomics of a site in conjunction with artifact and contexts or 

independent of those remains and contexts.  

 

Conclusion 

 The explanatory model based on experimentally derived utility indices provides 

predictions about skeletal part frequencies and allows faunal remains to be treated as an 

independent indictor of socioeconomic status. Application of the model to the San 

Giovanni di Ruoti assemblage demonstrates that food utility indices can be used to 

identify both socioeconomic status and deviations from expectations about skeletal part 

frequencies when considered alongside other contextual data. Although food utility 

indices were originally devised to explore differential transport in hunter-gatherer 

populations, this analysis indicates that such indices have the potential to reveal 

socioeconomic status within complex societies. Refinement of the food utility index 

through additional butchering experiments will explore intra-taxonomic variation (age, 

sex). Archaeological applications to additional Roman period assemblages, as well as 

North American and European historic collections, are planned. Food utility indices for 
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other common domesticates in historic and classical faunal assemblages [Cattle (Bos 

taurus), Sheep (Ovis aries), and Goat (Capra hircus)] will further test the applicability of 

the economic utility model. Positive tests will suggest that each taxon can serve as an 

independent measure of socioeconomic status. 

 

Implications for the Maasplein Pigs 

 As noted earlier in this chapter and in Chapter two, pig remains are the least 

common domesticated food taxon present at Maasplein (NISP = 83). Small sample sizes 

hinder interpretation of skeletal part frequencies. As yet, no one has suggested the 

minimum sample size that might be necessary and sufficient to fully examine skeletal 

part frequencies. Thus caution should be used in interpreting the Maasplein results. The 

same methodology described above was used to calculate %MAU and compare with 

sFUI (Table 4 and Figure 7). As would be expected for a low-status urban settlement, 

there are relatively few high-utility parts (rho = –0.384, p = 0.195). Cranial fragments 

account of the bulk of the assemblage.  

Military activity at the nearby fort and the general Roman economic value of pigs 

might explain the pattern of few pig remains and relatively few high-utility parts found at 

Maasplein. Roman military sites in Northern Europe have been reported to contain higher 

frequencies of pig remains than their native village counterparts, possibly due to 

preferences of Romanization (Bobik 2011). Stokes (2000) noted more pig remains in the 

barracks than in the commander’s house at the Romano-British fort at South Shields and 

Lauwerier (1988) found similar differences between the castra (fort) and canabae 
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legionis (civilian support village) at Nijmegen. Higher frequencies of pig remains were 

recovered from the castra, at the expense of cattle remains, than at the canabae. Either 

the fort had access to more pig than the village or cattle butchering waste was deposited 

more frequently in the village, even if the actual meat was consumed in the fort, skewing 

the relative abundances. However, the second seems unlikely given the skeletal part 

representation. It is probable that Maasplein had similar access to or preferences toward 

pigs as the canabae. It has been remarked that pig remains are rare at other Roman sites 

in the Netherlands (Filean 2006; Lauwerier 1988; Whittaker 2002). The geography and 

climate was not as suitable for pigs as for cattle, and pigs could have retained low dietary 

value in Roman Netherlands for that reason (Lauwerier 1988).  The near absence of high 

utility pig parts at Maasplein likely represents the high economic expense to acquire the 

resource and competition for high-utility parts by higher-status properties in the 

surrounding area (e.g., see discussion of the Villa at Druten [Lauwerier 1988]).  
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Figures 

 

Figure 1: Interpretive Model of the relationship between carcass part frequencies 
(measured as standardized minimum animal units (%MAU) and meat utility rank, and 
relative socioeconomic status and meat access (modified from Binford 1978; Lyman 
1987). Other possible interpretive patterns: A) Reverse Utility (after Thomas and Mayer 
1983) or Low status; B) Middle class; C) Gourmet (after Binford 1978) or High status 
restricted.  
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Figure 2: Scatterplot showing the relationship between standardized food utility index 
(sFUI) for pigs and bone bulk density (rho = –0.085, p = 0.815).  
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 Figure 3: San Giovanni di Ruoti Period 1– scatterplot showing the relationship between 
standardized minimum animal units (%MAU) and standardized food utility index (sFUI) 
for pigs (rho = 0.545, p = 0.103). 
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Figure 4: San Giovanni di Ruoti Period 2– scatterplot showing the relationship between 
standardized minimum animal units (%MAU) and standardized food utility index (sFUI) 
for pigs (rho = 0.368, p = 0.265). 
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Figure 5: San Giovanni di Ruoti Period 3A– scatterplot showing the relationship between 
standardized minimum animal units (%MAU) and standardized food utility index (sFUI) 
for pigs (rho = 0.00, p = 1). 
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Figure 6: San Giovanni di Ruoti Period 3B– scatterplot showing the relationship between 
standardized minimum animal units (%MAU) and standardized food utility index (sFUI) 
for pigs (rho = –0.168, p = 0.602). 

 

 

 

0

20

40

60

80

100

0 20 40 60 80 100

sFUI

%
M

A
U



 
 

124 
 

 

Figure 7: Maasplein– scatterplot showing the relationship between standardized 
minimum animal units (%MAU) and standardized food utility index (sFUI) for pigs parts 
(rho = –0.384, p = 0.195). 
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Tables 
 
Table 1: Gross, meat, wet bone, marrow, grease and dry bone weights for each element or skeletal unit. All measurements in 
grams. 

Element/Unit 

Gross 
weight 

(g) Meat weight (g) 

Wet bone 
weight 

(g) 

Marrow 
weight 

(g) 
Grease 

weight (g) 
Dry bone 
weight (G) 

Skull       

     with mandible  3980 — 2480 
4.8 (Right 
mandible) 46.3 804 

     without mandible 2980 430 1910 — 36.7 510 

Mandible 1090 
270 (Left 
Mandible) 570 

4.8 (Right 
mandible) 9.6 294 

Neck (Atlas, Axis) 4110 3700 410 — 13.4 66.8 
Cervical Vertebrae  1740 1220 520 — 2.6 107.6 
Thoracic Vertebrae 2050 540 1510 — 53.3 377 
Lumbar Vertebrae 6140 5240 910 — 26.6 236.1 
Pelvis (includes sacrum, 
caudal vertebrae) 3680 2460 1200 — 22.7 300.2 
Ribs (includes sternum) 8350 6165 2185 — 52 257.9 
Scapula 1805 1470 320 — 5.8 94.2 
Humerus 2245 1840 405 13.4 28.6 147.8 
Radio-cubitus 800 535 280 4.2 16.9 104.8 
Forelimb Foot (includes 
carpals, metacarpals, 
phalanges) 400 — 200 3.4 11.15 97.9 
Femur 7105 6615 405 24 24.65 162.6 
Tibia-fibula 1155 860 295 13.45 5.4 114.5 
Hindlimb Foot (includes 
tarsal, metatarsals, 
phalanges 510 — 280 5.2 15.6 162.5 
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Table 2: Calculation and results of food utility index (FUI) and standardized food utility 
index (sFUI) for pigs.  

Element/Unit 
Gross 

weight (g) Dry bone weight (g) FUI sFUI 
Skull     
     with mandible  3980 804 3176.0 39.2 
     without mandible 2980 510 2470.0 30.5 
Mandible 1090 294 796.0 9.8 
Neck (Atlas, Axis) 4110 66.8 4043.2 50.0 
Cervical Vertebrae  1740 108 1632.4 20.2 
Thoracic Vertebrae 2050 377 1673.0 20.7 
Lumbar Vertebrae 6140 236 5903.9 73.0 
Pelvis (includes sacrum, caudal 
vertebrae) 3680 300 3379.8 41.8 
Ribs (includes sternum) 8350 258 8092.1 100.0 
Scapula 1805 94 1710.8 21.1 
Humerus 2245 148 2097.3 25.9 
Radio-cubitus 800 105 695.2 8.6 
Forelimb Foot (includes carpals, 
metacarpals, phalanges) 400 98 302.1 3.7 
Femur 7105 163 6942.4 85.8 
Tibia-fibula 1155 115 1040.6 12.9 
Hindlimb Foot (includes tarsal, 
metatarsals, phalanges 510 163 347.6 4.3 
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Table 3: Standardized minimum animal units (%MAU) values for each period at San 
Giovanni di Ruoti (data modified from MacKinnon 2002). 

Element P1 P2 P3A P3B 
Skull  33.3 76.9 30.0 52.4 
Maxilla 33.3 23.1 50.0 50.6 
Mandible 50.0 76.9 100.0 100.0 
Atlas 33.3 46.2 10.0 18.3 
Axis 0.0 15.4 10.0 1.2 
All Vertebra 1.3 0.0 0.0 0.0 
Pelvis 50.0 23.1 15.0 6.7 
Scapula 33.3 38.5 45.0 41.5 
Humerus 100.0 100.0 80.0 64.6 
Radius 16.7 38.5 20.0 18.3 
Ulna 33.3 46.2 45.0 31.7 
Metacarpals 25.0 11.5 10.0 6.4 
Femur 0.0 46.2 30.0 9.8 
Tibia 0.0 23.1 25.0 22.0 
Astragalus 16.7 15.4 0.0 5.5 
Calcaneus 0.0 15.4 20.0 13.4 
Metatarsals 6.7 0.0 2.0 0.7 
Phalanx 1 16.7 11.5 7.5 4.9 
Phalanx 2 4.2 3.8 2.5 1.7 
Phalanx 3 4.2 1.9 2.5 0.8 
Fibula 4.2 1.9 1.3 0.8 
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Table 4: Number of identified specimens (NISP), minimum number of elements (MNE) 
and standardized minimum animal units (%MAU) values at Maasplein.  

Element NISP MNE %MAU 
Skull  18 6 100.00 
Mandible 25 6 100.00 
Atlas 1 1 33.33 
Axis    
Cervical Vertebra 1 1 2.67 
Thoracic Vertebra 1 1 0.00 
Rib 1 1 1.33 
Pelvis 3 2 33.33 
Scapula 4 4 66.67 
Humerus 3 3 50.00 
Radius 2 2 33.33 
Ulna 2 2 33.33 
Metacarpals 3 3 12.50 
Femur 1 1 16.67 
Tibia 5 3 50.00 
Astragulus 3 3 50.00 
Calcaneus 3 3 50.00 
C+4 tarsal 1 1 16.67 
Carpal/Tarsals   
Metatarsals 4 4 16.67 
Phalanx 1    
Phalanx 2    
Phalanx 3 1 1 1.04 
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CHAPTER 5:  

EVALUATING SOCIOECONOMIC STATUS USING BOS TAURUS 

 FOOD UTILITY INDICES IN HISTORICAL FAUNAL ASSEMBLAGES 

 

 

 

Abstract 

A number of studies have examined socioeconomic status using 

zooarchaeological data. In those studies, socioeconomic status was established using 

context and associated artifacts before faunal material was analyzed. This paper expands 

on a recently introduced method, based on a theoretical model, for inferring 

socioeconomic status from zooarchaeological evidence. The model follows tenets of 

foraging theory, with the premise that cuts of meat that are of relatively high yield or 

“food utility” are economically more valuable than low-yield parts. The model assumes 

that people of high socioeconomic status will preferentially acquire greater relative 

frequencies of high yield parts than people of low status.  Failure of the model to 

accurately predict skeletal composition of assemblages reflecting known socioeconomic 

status based on context and associated artifacts will indicate food utility is an invalid 

indicator of socioeconomic status or that cultural preference or individual taste 

significantly mediated choice of meat cuts. For this research, a utility index for cattle 

(Bos taurus) was constructed. The model is tested using a faunal assemblage from Roman 

Maasplein, Nijmegen, The Netherlands. Roman Maasplein is a low-status urban site and 
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matching the model’s prediction, the assemblage of cattle remains included relatively 

high frequencies of low-yield skeletal parts.  

Keywords: Socioeconomic Status; Food Utility Indices; Roman; Maasplein.  
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Introduction 

 In archaeology, studying behavioral differences associated with social 

stratification within cultures is important for our understanding of complex societies.  To 

examine socioeconomic status in state-level societies, some studies have utilized 

zooarchaeological data (e.g., Ashby 2002; Crabtree 1990; deFrance 2009; Ervynck et al. 

2003; Gumerman 1997). This study expands on a new method for inferring social status 

using zooarchaeological data independent of artifact and contextual data (Trusler 2016). 

Current methods rely on context and artifacts to infer the socioeconomic meaning of 

associated faunal remains. Essentially, socioeconomic status is established before faunal 

material is considered. The typical procedure is: (i) particular artifact associations (a 

context) are inferred to represent high (or medium, or low) status; (ii) a set of particular 

faunal remains (taxa, skeletal parts, or both) occur in that high status context; (iii) when 

that set of faunal remains is found elsewhere without associated artifacts or with artifacts 

not suggestive of status, that other context is inferred to represent high status. This 

analogical approach has obvious problems given that different environmental and social 

contexts can produce spurious similarities or differences. For example, Ashby (2002) 

found that high-status loci had higher proportions of deer, wild birds and other wild game 

in medieval assemblages (most likely as the result of hunting restrictions on low-status 

individuals) whereas Crader (1990) identified the presence of wild species in slave 

quarters at Monticello as indicators of dietary stress. In these two cases, increased dietary 

breadth was associated with either high (Ashby 2002) or low (Crader 1990) status.  A 

theoretically informed model that can be used to interpret faunal material as an 

independent indicator of socioeconomic status has been missing.  
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The theoretically informed model I have introduced for complex societies uses 

food utility indices as a surrogate of economic purchasing power (Trusler 2016). In short, 

the model follows tenets of foraging theory. Cuts of meat that are of relatively high yield 

or “food utility” (Binford 1978) are modeled as economically more valuable than low 

yield parts. Therefore, the model predicts that people of high socioeconomic status will 

preferentially acquire greater relative frequencies of high-yield parts than people of low 

status. The Roman archaeological site of Maasplein, Nijimegen, The Netherlands will be 

used to analyze the validity of the economic utility model for cattle (Bos taurus). Even if 

the predictions derived from the model do not match the recovered fauna, we will have 

learned much about how and perhaps why Romans chose particular meat cuts. 

Using zooarchaeological data, we can record skeletal part frequencies (number of 

cervical vertebrae, distal tibiae, proximal humeri, etc.), which often represent utilized 

parts of an animal (Lyman 1994, 2008).  However, the exact number of butchery units or 

pounds of meat represented by a bone assemblage cannot be reliably determined due to 

the epiphenomenal nature of cut marks and historical contingencies (e.g., weight, sex, age 

and breed of animal) (Lyman 1977, 1979, 2008). Food utility indices provide a 

framework for interpreting skeletal part frequencies and can be used for understanding 

the socioeconomic meaning of skeletal part frequencies (Trusler 2016). These indices are 

used to interpret skeletal part frequencies in terms of each part’s food utility. The indices 

provide a measure of how efficiently (cost-benefit ratio) people exploited a carcass (e.g., 

Binford 1978). If the predictions of the economic utility model are not met in relation to a 

set of faunal material recovered from a particular socioeconomic context based on 
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associated artifacts, there is the potential to learn something interesting about other 

factors of behavior such as cultural preference or individual taste. 

Skeletal part frequencies have been used to examine socioeconomic status among 

historic (nineteenth century) societies (Lyman 1987; Schulz and Gust 1983), but using 

them in conjunction with food utility indices is a novel approach (Trusler 2016). Schulz 

and Gust (1983) used historical data to rank skeletal parts based on financial cost (not 

meat yield) and showed that the faunal assemblage from a high-status hotel contained 

more expensive cuts, while a nearby jail contained inexpensive cuts. However, such 

ranking is not possible without data on direct financial cost per cut. The economic utility 

model and its associated indices are based on the meat, marrow and grease associated 

with each element and provide a ranking of skeletal parts based on food yield. This is 

advantageous because knowledge about part preference is not always available in 

historical assemblages. For the Romans, few hints are available for meat costs and they 

date to the late antiquity period, which could make them inappropriate for earlier time 

periods or for different regions of the empire (Apicius tr. Flower and Rosenbaum 1958; 

Diocletian tr. Murray 1826; MacKinnon 2001). Additionally, historic sources may not 

represent the behaviors or attitudes of non-elites as those sources often result from an 

elite filter (e.g., Crader 1990; Rathje 1979; Rathje and Murphy 1992). Utility provides an 

archaeologically applicable initial framework of interpreting skeletal part frequencies 

when cost per pound data is unavailable.   

This study aims to further our understanding of socioeconomic status by: 1) 

establishing a food utility index for cattle (Bos taurus), a principle domesticate species 

consumed by Romans (an index for Sus scrofa having already been established [Trusler 
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2016]); and 2) applying the model to the faunal assemblage from Maasplein, Nijmegen, 

The Netherlands, an assemblage of known socioeconomic status based on context. New 

insights into the past using zooarchaeological methods of assessing socioeconomic status 

will result.  

 

Background 

Measuring Socioeconomics with Faunal Remains 

 There was interest in examining socioeconomic status differences represented in a 

faunal collection when Crabtree (1990) explored the question of how zooarchaeological 

data could be used to study complex societies. Zooarchaeological approaches to 

identifying socioeconomic differences in access to food resources have included trade 

(identification of non-local species) and differential access to species or carcass parts 

(identification of more/fewer species or skeletal elements associated with different 

socioeconomic groups). Higher richness or increased access to a variety of taxa is 

commonly linked to high status, generally on the basis of those extra taxa being rare 

(Crabtree 1990), although studies have also suggested that increased richness could be 

associated with low-status starvation-avoidance strategies (Crader 1990). Skeletal part 

frequencies have also been used to identify differences between producers (and/or 

butchers) and consumers (see below for additional discussion of skeletal part 

frequencies). Selective harvest, or utilization of sub-prime age groups (e.g., neonates), 

has been identified using mortality (age at death) profiles. Consumption of sub-prime 

animals has been used as an indicator of elite taste preferences as the meat is thought to 
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be an expensive delicacy and it is high-status individuals who are more likely to 

withstand the costs to underutilize an animal (Ashby 2002; Crabtree 1990). Apart from 

cautionary discussions of methodological limitations, such as recovery techniques 

(Ervynck et al. 2003; Trusler 2014), there are few methodological differences between 

Crabtree’s discussion (1990) and Ashby’s (2002) or Ervynck et al.’s (2003) more than a 

decade later.  

Although traditional analytical practices have proved useful, a limitation in those 

practices is present: Using zooarchaeological data to examine socioeconomic status has 

been restricted to consideration of recovery context or associated artifacts that are used to 

identify class differences. Zooarchaeological data that correspond to such differences are 

then inferred to represent those differences in other archaeological settings that are of 

unclear socioeconomic status.  

Several studies have utilized faunal data to identify socioeconomic differences in 

foodways. As mentioned previously, Ashby (2002) and Crader (1990) derive opposing 

conclusions to explain the status implications of increased diet breadth. Emery (2003) 

noted status related differences in animal species present in Mayan faunal assemblages, 

including more exotic species and species associated with ritual behavior (wild cats) in 

high-status contexts. Long-distance trade, indicated by the remains of species outside 

their natural range, is often linked to increased purchasing power reserved for elites 

(Crabtree 1990). However, trade could be impacting domestic taxa or taxa with large 

geographic ranges in a similar way to grain, wine and garum (Roman fish sauce) in the 

Roman empire (Locker 2007; Conison 2012; Temin 2001). Research in stable isotopes 

may be the key to our understanding of animal movement and trade (Sykes et al. 2006). 
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In medieval assemblages, goat kids have been linked to the elite in an example of 

utilization of sub-prime age individuals (Ashby 2002). Research into socioeconomic 

differences in foodways are not limited to state-level societies as zooarchaeological 

markers of status were found in Moundville chiefdoms (Welch and Scarry 1995).  

Further, recent ethnographic research suggests that our understanding of 

zooarchaeological markers of status may not be as clear as we might believe. Schmitt and 

Lupo’s (2008) ethnoarchaelogical study in the Congo Basin among modern Central 

African Farmers found that increased material wealth was associated with more meat and 

factors such as profession (hunter versus farmer) influenced the amount of meat in a 

household regardless of status. Differences in abundance of or direct access to meat are 

far more complex traits to track archaeologically than diet breadth (see Trusler 2014), 

which Schmitt and Lupo (2008) found was not factor associated with wealth. Recovery 

methods, individual animal size (as well as sex, age), and differences in waste disposal 

behaviors or fragmentation rates (associated with cooking or processing behaviors) 

between status groups could all influence our ability to identify differences in the amount 

of meat consumed by different status groups. Several problems can occur with 

interpretations based on context where the measured variables may not represent high or 

low status consumers, but, say, producers, secondary consumers on the property, or easier 

access to a species such as fish and proximity to the sea (Ashby 2002; Gumerman 1997). 

While Schmitt and Lupo (2008) found that associated hunting artifacts helped distinguish 

producers from consumers, such is not always clear. At the Roman Villa of San Giovanni 

di Ruoti, the pattern of high-status meat consumption at an elite site is complicated by 

commercial pork production (Trusler 2015; Chapter 4, this volume). In short, inconsistent 
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interpretations based on similar evidence have been reported (e.g., Crabtree 1990; Crader 

1990); these highlight the absence of a robust theoretical model and the use of post hoc 

accommodative reasoning.  

 

Food Utility Indices and Skeletal Part Frequencies  

The differential distribution of animal parts (measured as skeletal part 

frequencies) had long been used to interpret zooarchaeological collections (e.g., Perkins 

and Daly 1968; White 1952) when Binford (1978) began his work with the Nunamiut. 

That research led Binford (1978) to produce formal models of carcass transport based on 

the food utility of carcass parts. Binford’s (1978) research was concerned with the 

butchering decisions of hunter/gatherers that led to the differential transport of carcass 

parts from kill sites to consumption sites. To analyze how this could impact bone 

assemblage formation, Binford devised a method using the amount of meat, marrow and 

grease anatomically associated with each skeletal part, which were then combined into a 

general utility index for the parts of a carcass. Binford first produced indices for caribou 

(Rangifer tarandus) and domestic sheep (Ovis aries), although a number of indices have 

been constructed for additional species by his intellectual followers (e.g., Blumenschine 

and Caro 1986; Emerson 1993; Madrigal and Holt 2002; Savelle and Friesen 1996; 

Trusler 2016). Binford (1978) used the relationship between food utility and skeletal part 

frequencies to show that the Nunamuit generally select high-yield parts to transport to the 

consumption site first, while leaving lower-yield parts at the kill site (see also Metcalfe 

and Jones 1988). Much of the research into food utility and skeletal part frequencies that 

has followed has focused on transport decisions as part of dietary strategies (for an 
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overview of the influence of Binford’s model, see Lyman 2012). The same basic model, 

however, can also be used to evaluate socioeconomic differences as reflected by 

differential access to skeletal parts as the result of varied purchasing power.  

The basic principle is that high status individuals will have the economic means to 

acquire more high utility parts than low status individuals (perhaps prompted by social 

pressure). Schulz and Gust (1983) apply this basic principle of the variability in financial 

cost of animal parts to a historic assemblage from Sacramento. However, such an 

application is not possible with cultures where prices are largely unknown (e.g., the Edict 

of Diocletian’s provides very limited information on meat costs, primarily noting 

differences between species, in the late Roman Empire [Diocletian tr. Murray 1826]). 

Although research has shown that direct cost can vary significantly from yield across 

space and presumably also in time (Bartosiewicz 1997), food utility offers a frame of 

reference from which to interpret skeletal part frequencies when cost-per-pound data are 

not available. To be useful, data for the cost of meat cuts need to come from a source that 

is geographically close to the site and from the same time period. For many historic sites, 

such data are unavailable. This does not negate the fact that an interpretive frame of 

reference is needed. Therefore, another method is necessary to establish a rank order of 

the value of skeletal parts; economic (or food) utility (a cost-benefit ratio reflecting food 

value) is a logical choice. Here, I conduct further analyses on the usefulness of food 

utility indices to operationalize a model based on economic utility of individual skeletal 

elements. The model predicts that high socioeconomic status is associated with numerous 

high-utility parts and few low-yield parts, while low-status individuals will have 
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restricted access to high-utility parts and thereby, greater reliance on low-yield skeletal 

parts (Figure 1).  

Differential access to skeletal parts (measured as skeletal part frequencies) has 

been used as zooarchaeological marker of socioeconomic status in several studies. 

Generally, however, those studies have not considered the differences in the meat, 

marrow and grease or food utility of skeletal parts. Ashby (2002) cautions that without 

cost data we lack a method to study the socioeconomic meaning of skeletal part 

frequencies. And although Ervynck et al. (2003) believe it is possible to link high quality 

cuts to high status, they do not define or identify cuts (or skeletal elements) that are 

associated with high status. Given that their discussion is heavily dependent on context to 

identify status rank, I assume they mean that skeletal parts that are found in a high-status 

context are inferred to be of high socioeconomic value. Crader (1990) used historical 

documents to assign which carcass parts were higher or lower “quality” based on 

perceived desirability, but the categories are not quantitatively based on the species so, 

like cost-per-pound, they cannot be replicated where documentation is not available. 

Furthermore, Crader’s (1990) categories only differentiate two types of meat, high 

quality and low quality, in a situation that is likely a continuum of variability. Food utility 

indices may provide the link between skeletal part frequencies and socioeconomic value. 

The indices rank skeletal parts based on the weight yield of edible tissue associated with 

each skeletal part and can be used when historic monetary costs of meat are unknown. 

Moreover, food utility indices can be used to independently analyze interpretations of the 

socioeconomic meaning of skeletal part frequencies as reflecting high or low status 

without relying solely on context and associated artifacts (Trusler 2016).  
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 The model is rooted in optimal foraging theory, a branch of human behavioral 

ecology (HBE) (Stephens and Krebs 1986). HBE models offer great explanatory power 

for understanding human subsistence strategies and interpreting faunal material (Bird and 

O’Connell 2006; Grayson and Cannon 1999; Smith 1991). These models rely on the 

assumption that people act in a way that enhances (if not maximizes) the cost/benefit 

ratio of their subsistence pursuits and a number of studies support this assumption (Bird 

and O’Connell 2006; Broughton and Bayham 2003). The model (Figure 1) can be viewed 

as a prey choice foraging model acting at the scale of individual carcasses rather than at 

the scale of landscapes, species or populations.  

As Grayson (1988:123) observed some years ago, the carcass utility models 

developed by Binford (1978) “assume that people optimally forage across the body of an 

animal, as some [assume] people optimally forage across larger landscapes.” The prey 

choice model predicts that people will pursue high ranked prey until the costs become too 

great at which time they diversify their diet by selecting lower ranked prey (Grayson and 

Delpech 1998; Winterhalder and Smith 2000). In my model, cost is monetary investment, 

rather than pursuit, and return or benefit is the weight of edible tissue associated with 

purchased animal parts. Because price is not directly known in the archaeological record, 

and return in the form of nutritional value is also unknown, a proxy measure will be 

established following Binford’s (1978) and others’ lead (e.g., Blumenschine and Caro 

1986; Emerson 1993; Madrigal and Holt 2002; Savelle and Friesen 1996). My model 

assumes (following Binford 1978) that the highest utility skeletal part has the highest 

return and (uniquely) as a result should cost the most. People of high socioeconomic 

status will have less restricted access to high utility skeletal parts than low-status people. 
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This assumption must and will be tested with data such as associated artifacts and 

contextual information indicative of socioeconomic status.  

 

Methods and materials  

Food Utility Indices and Parts Distribution Analysis 

 To date, minimal research on food utility has focused on domestic species; there 

is a utility index for domestic sheep (Binford 1978), for domestic pig (Trusler 2016), and 

for pig marrow (Edwards and Steele 2011), but until now no index was available for 

cattle (see also Filean 1997; Whittaker 2002). A half carcass of beef including the head 

and all four feet (includes metapodials, carpals, tarsals and phalanges) was purchased 

from the Mizzou Meat Market and butchering facilities were loaned from the University 

of Missouri (hereafter, MU) Meat Lab. The male was approximately 18 months old. 

Butchering was completed by the author with assistance from R. Lee Lyman and several 

MU undergraduate and graduate students. The hide had been removed (except for the 

feet) by Mizzou Meat Market staff prior to butchering. The hide was removed from the 

feet before measurements were taken, but the hooves were not removed until after 

boiling. Using steel knives, the carcass was dismembered into portions representing 

individual skeletal elements (e.g., femur, humerus) or element groups (e.g., thoracic 

vertebra, foot (includes all phalanges)), which were then weighed. Then the meat was 

removed from the bone and each weighed separately. Skeletal elements were then frozen 

until they could be processed for marrow and grease. Marrow and grease processing 

occurred in the MU Zooarchaeology Lab, Department of Anthropology. Long bones were 
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processed for marrow by boiling the element for approximately one hour to cook the 

marrow before extraction. Grease was collected after approximately 8–10 hours of 

boiling. Boiling time was determined by rate of grease release and stopped when no 

noticeable grease appeared in a one–hour period. Occasionally, a second day of boiling 

was needed to fully clean the bones, such as for the skull, but little to no grease was 

produced so it was not measured.  

For each skeletal element or element unit, I recorded the meat, marrow and grease 

weight in grams, as well as the gross weight, wet bone weight and dry bone weight 

(Table 1). The formula for calculating the unstandardized food utility index (FUI) is: 

  FUI = gross weight of part – dry bone weight of part 

This method of calculating food utility takes into account the total food utility of the part 

(meat, marrow and grease) (Metcalfe and Jones 1988). The food utility index was 

standardized (sFUI) to a scale of 0 to 100, which facilitates graphic comparison of results. 

Standardization was accomplished by dividing the FUI of each individual part by the 

greatest FUI and multiplying by 100 (Table 2).  

Binford (1978) suggested that ‘riders,’ or low utility parts that are transported 

from kill/procurement loci to processing/consumption loci due to their attachment to 

(articulation with) higher utility parts, were a serious concern among foragers. The 

concept of ‘riders’ has particular importance for the interpretation of very low value parts 

(phalanges and carpals, typically), which may be associated with higher costs to field 

process, disarticulate and discard than would be accrued by transporting them. In some 

ways these lower value parts are ‘unearned’ resources due to low transport costs (when 
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attached to high-value parts) versus high field processing costs, and as a result, their 

relative food value is increased, or so Binford (1978) reasoned.  

Among classical and historic societies, riders might result in increased financial 

investment because of the higher food utility (greater total amount of consumable tissue) 

of a carcass portion resulting from multiple articulated portions. Or, the cost of a femur 

with attached tibia may cost the same monetarily as a femur and detached tibia. On the 

other hand, the cost for a femur with attached tibia could be less than the two elements 

separately, precisely because the tibia is a ‘rider’—readily transported because it actually 

raises transport costs minimally and the greater value of the articulated elements cancels 

out that cost. These alternatives understate the complex balance between cost and benefit 

attending decisions about the relationship between carcass parts and their food utility (see 

Schoville and Otárola-Castillo [2014] for an important early study of the 

interrelationships of some of these variables).  

For historical populations, transport costs associated with carcass exploitation are 

likely significantly different than for hunter-gathers (e.g., foot transport vs. wheeled 

transport). Likewise, processing cost could also vary. Field processing costs are 

potentially less likely to be accrued when wheeled transport is available. Variation in tool 

material (stone vs. metal) could reduce costs by influencing efficiency of butchering. And 

some preservation methods (e.g., smoking or salting) could be expensive. Although 

historical contingences (e.g., transport and processing costs, number of individual 

butchers and people to feed, carcass size and/or number of available carcasses to process 

or for sale) could result in the rank order of skeletal parts changing due to ‘riders’, it is 

important to remember that faunal assemblages represent a palimpsest of not only 
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behaviors but multiple butchering and transport events when multiple carcasses are 

represented. As a result, the absolute values of skeletal parts represented by food utility 

indices are somewhat misleading, particularly at ratio scales; utility values of carcass 

parts for any given butchery event will likely vary to greater or lesser degrees (certainly 

at a ratio scale, perhaps occasionally at ordinal scale) simply as a result of the 

particularistic historical contingencies of that butchery event. Therefore, it is prudent to 

view food utility indices as ordinal-scale averages.  

With the modified general utility index (MGUI), Binford (1978) accounted for a 

‘rider’ by averaging a lower ranked element (or element portion) with the high ranked 

element to which it was attached. For example, if a femur has a FUI value of 100 and a 

tibia has a value of 50, then, due to its attachment to the femur, the economic value of the 

tibia would be modified to 75 ([100+50]/2=75). Whether or not such adjustments of the 

absolute utility values are reasonable is unclear in the present context. I therefore chose to 

adjust the cattle utility values to account for riders to determine if that adjustment 

produced stronger statistical relationships. The adjusted utility values can then be 

standardized in the same manner described above to create a standardized modified food 

utility index (sMFUI). 

Frequencies of skeletal parts identified as cattle, probable cattle and large 

ungulate from Maasplein, separately summed, will be arrayed against the Bos taurus food 

utility index. To determine skeletal part frequencies, the number of identified specimens 

(NISP) must be converted to the minimum number of skeletal elements (MNE). MNE is 

a derived measure that can be calculated a number of ways (Lyman 2008). For this study 

I employ one of the simplest methods: the most abundant skeletal part of each element 
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measured by overlapping anatomical features will be the MNE value for that element. 

During zooarchaeological analysis, I drew each specimen on a template of the 

corresponding element, as well as recorded the zone (e.g., proximal anterio-medial 

portion of the articulation surface of metatarsal) (Table 3; see also Appendix 1 for 

complete list) or zones represented by each specimen. Zones represent discrete 

anatomical features or portions of a skeletal element, and when two specimens represent 

the same zone they anatomically overlap, so an MNE of two is represented.  This system 

is very similar to one originally proposed by Watson (1972, 1979) and developed by 

Dobney and Rielly (1988).  Due to the fact that drawings are two-dimensional 

representations of the three-dimensional fragments, zones permit me to more accurately 

record the completeness of an identified fragment. Using both the drawings and recorded 

zone(s) for each fragment, I tabulated the number of overlapping skeletal parts for each 

element by zone, and the largest number became the MNE. From the MNE, minimum 

animal units (MAU) are calculated by dividing the MNE value by the number of times 

the element occurs in one skeleton (irrespective of left or right side for paired elements). 

For example, an MNE of seven metatarsals would be divided by two (number of 

metatarsals in a mammal skeleton) for an MAU of 3.5. MAU assumes no preference 

between left and right skeletal elements exists among consumers, such that 3 left and 3 

right femurs is the same in terms of food utility as 6 left femurs (Binford 1978). Lastly, 

MAU is normed or scaled by dividing each value (one value per category of part) by the 

most abundant MAU and multiplying by 100. %MAU values are plotted against food 

utility values in a bivariate scatterplot so that the relationship of the two variables may be 

visually inspected along with consideration of the correlation coefficient (Beaver 2004). 
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Scaling to %MAU allows assemblages of disparate sizes to be directly compared. If 

multiple %MAU values (e.g., astragalus, calcaneus) corresponded to a single sFUI unit 

(e.g., tarsals), I selected the highest %MAU value with the assumption that it represented 

the minimum value present at the site for that sFUI unit. Elements with no recorded 

values were excluded (e.g., ribs for cattle).  

 Food utility indices can be statistically correlated with frequencies of skeletal 

parts in archaeological assemblages. Food utility indices are ordinal scale because of 

variation in animal body weight due to age, sex, season of harvest and (potentially) breed. 

Food utility values associated with a particular skeletal part are relative to the other 

skeletal parts. Although breed, age, sex and season of harvest likely impacts the food 

utility of individual skeletal parts at an interval scale, I presume these variables are 

statistically insignificant at an ordinal scale. For purposes of this study, Spearman’s rho—

a rank-order correlation coefficient—will be calculated to examine the relationship 

between the utility indices and frequencies of skeletal parts of cattle within each faunal 

assemblage. Spearman’s rho rank-order correlation coefficients will be used because both 

skeletal part frequencies and the utility values are at best ordinal scale (Grayson 1984; 

Grayson and Frey 2004; Lyman 2008). Being able to quantitatively examine skeletal part 

frequencies against a food utility model has the analytical advantage of reducing 

subjectivity. Further, correlation coefficients can be compared to contextual data on 

socioeconomic status. Finally, correlation coefficients can be used as heuristic indicators 

of relative strength of the relationship between the two variables across assemblages, and 

in conjunction with visual evidence (scatterplots) of the relationship within an 

assemblage rather than as the sole indicator of the relationship (Trusler 2016).  
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The possibility of equifinality, or the possibility that the same result is the 

outcome of different processes, has been raised for the study of skeletal part frequencies. 

Here the issue is that density-mediated attrition and/or differential transport or access to 

carcass parts can result in similar skeletal part frequency profiles (Lyman 1994, 1985, 

2014; Pickering et al. 2003; Stiner 2002). Because skeletal part frequencies are the 

archaeologically visible variable necessary to implement the food utility models, it is 

critical to determine if faunal assemblages have undergone density-mediated attrition 

(Lyman 1994). I used density values for skeletal parts of cattle to first determine if there 

is a correlation between skeletal part frequencies and density.  Ioannidou (2003) took 

multiple bone density measurements for each element. I selected the highest density 

region for each element or unit with the assumption that denser bone areas were the most 

likely region to be recovered if density-mediation attrition was occurring. For cattle, no 

significant correlation was found between bone density and standardized food utility (rho 

= –0.155, p = 0.65) (Figure 2), indicating there is no autocorrelation between skeletal part 

frequencies and either of these variables and a potential for equifinal interpretations 

(Lyman 1985). Furthermore, there is little evidence of carnivore damage at Maasplein in 

the mammalian assemblage overall (>1%, NISP = 33), and such damage only occurs on 

nine cattle fragments. No significant correlation was found between bone density and 

%MAU (rho = –0.05, p = 0.88) (Figure 3). Carnivore attrition is therefore not expected to 

be a significant factor in assemblage formation and the skeletal part frequencies are 

presumed to be virtually completely the result of human behavior. 

 

Archaeological Application 
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The Dutch Eastern River Area, which includes modern Nijmegen, is known to 

contain a number of Roman and Romanized sites (Lauwerier 1988). The origins of 

Nijmegen as a major settlement can be traced to the Roman city of Ulpia Noviomagus 

(Filean 1997) (Figures 4 and 5). The site of Maasplein is in Nijmegen and features the 

double temple complex to Mercurius and Fortuna. Features located adjacent to the temple 

complex have been interpreted as waste from adjoining commercial properties including 

a butcher shop (Filean 1997). Roman Maasplein dates from approximately CE 70 to CE 

270 (Filean 2006).  

Roman interactions and eventual occupation in the Netherlands highlights the 

complex and dynamic landscape of the Roman frontier (Filean 2006; Roymans 2004; van 

Enckevort and Thijssen 2003; Willems and van Enckevort 2009; see also Chapter 1 for 

additional site history). Nijmegen was positioned at the edge of Roman occupation. The 

Waal River provided a natural boundary for military activity and settlement that 

characterizes the Early Roman Period (19 BCE – c.CE 50). Military presence and 

importance were cemented in the region following the Batavians (local Germanic tribe) 

revolt against Roman rule in CE 69–70 (Willems and van Enckevort 2009). Following 

the revolt, earlier military structures were replaced by the stone-built castra (Roman fort) 

and the canabae legionis (military support village) developed to the north and the west of 

the castra (Figure 4). An earlier proto-urban settlement (Oppidum Batavorum) was 

destroyed and replaced by Ulpia Noviomagus, a new town with market rights located to 

the west of the old town. Ulpia Noviomagus also replaced Oppidum Batavorum as a 

regional capital (civitas) (Filean 2006). By CE 270 the legion had left the area and the 

region experienced a significant decline in economic activity as a result of recurring 
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Germanic attacks. The sites in modern day Nijmegen were just part of the Roman 

landscape of the Netherlands. The surrounding countryside contains elite villa sites such 

as Druten, and lower status rural sites such as Heteren and the native (non-Roman) site at 

Ewijk, as well as other military and religious sites (Lauwerier 1988; Whittaker 2002). 

A sample of 102 boxes of faunal material from Maasplein is currently on loan to 

Glenn Storey at the University of Iowa. A subset of the Maasplein material was analyzed 

some years ago, but most of the sample at the University of Iowa has not been analyzed 

(Filean 1997, 2006; Glenn Storey pers. comm. 2013). I have permission to temporarily 

transfer the faunal material to MU for analysis. For this study, a random sample of ten 

boxes was initially chosen. Faunal remains were identified to species when possible. 

Comparative skeletal collections from the MU Zooarchaeology Lab and College of 

Veterinary Medicine, along with illustrative anatomy texts and osteological guides were 

used to identify specimens (Balkwill and Cumbaa 1992; Brown and Gustafson 1979; 

Chauveau 1905; Getty 1975; Pasquini and Spurgeon 1989; Payne 1973; Schmid 1972). 

Additionally, taphonomic features and portion of the element were recorded due to the 

analytical requirements of the skeletal parts frequency analyses. 

In the Dutch Eastern River Area, cattle were important economic resources before 

and during Roman occupation (Filean 2006; Lauwerier 1988). Therefore, it is not 

surprising that cattle were the most abundant identified taxon in the Maasplein 

mammalian faunal assemblage (number of identified specimens [NISP] = 1707 out of 

total NISP = 5135) (Table 4) (see also Chapter 2 for a complete faunal report). 

Mammalian remains, particularly from the principle domestic taxa of cattle, pig (Sus 

scrofa) and sheep/goat (Ovis/Capra), were major components of the assemblage, 
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consistent with other Roman period sites in the Dutch Eastern River Area and other 

regions of northern Europe and Italy (e.g., Bobik 2011; Filean 2006; Lauwerier 1988; 

MacKinnon 2004; Stokes 2000; Thawley 1982). At Maasplein, cattle account for 87% of 

the domestic food assemblage (cattle NISP / cattle NISP + sheep and/or goat NISP + pigs 

NISP = 1707/1963). The dominance of cattle remains at Maasplein, coupled with the 

known socioeconomic importance of cattle in the region, makes this site ideal for 

evaluation of the Bos taurus food utility index.  

Maasplein is a relatively low-status urban site on the frontier of the Roman 

empire. Therefore, I predict that the faunal material will contain more low utility skeletal 

parts than high-utility parts of cattle. Given that the collection represents waste from 

commercial properties, low utility parts should be most frequent because high utility parts 

would have been transported (presumably) to high-status residential or commercial 

properties, perhaps including the adjoining temple, nearby fort and elite residences 

(villas) in the surrounding countryside.  

 

Results 

At Maasplein, there is a statically significant negative relationship between the 

cattle %MAU and the standardized food utility index (rho = –.6953, p = 0.002) (Figure 

6). This relationship indicates there are more low-utility skeletal parts than high-utility 

parts. This is consistent with the model for low status or a reverse utility curve. The high 

frequency of low yield metatarsals and moderately low yield skull fragments and teeth 

are important contributors to this pattern (Figure 6). 
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Due to the fact that these data (%MAU and sFUI) are at best ordinal scale, 

changes to the rank order abundances of a few skeletal parts could result in significant 

changes. As a result, I calculated the sMFUI to determine if the consideration of ‘riders’ 

changes the rank order of skeletal parts or influences the findings. Calculations of the 

sMFUI does change the rank order of some skeletal parts, particularly lower value, distal 

limb elements (Table 5). However, when the sMFUI is applied to the Maasplein cattle 

assemblage, it has little to no effect on interpretation of the visual pattern or the statistical 

significance (rho = –.6515, p = 0.005) (Figure 7). The pattern remains consistent with the 

model for low status or a reverse utility curve. This suggests that considering ‘riders’ 

does not have a significant effect and that using whole elements without modified values 

is acceptable for this historical population.  

During identification, I became concerned that differential identifiability and 

fragmentation of high-utility parts might result in their underrepresentation in cattle 

remains. Specifically, elements such as ribs, femora, humeri and innominates, have high 

utility but are also fairly similar amongst large-bodied ungulates (such as cattle [Bos 

taurus], red deer [Cervus elaphus] and horses [Equus caballus], all of which were 

recovered and identified in the assemblage). When those elements are highly fragmented, 

it may still be possible to identify the element, but at the same time it may not be possible 

to identify to which species the fragment belongs. At Maasplein, cattle remains generally 

have a lower NISP:MNE ratio (a measure of intensity of fragmentation) than remains 

identified as probable cattle (cf. Bos taurus) and large ungulate (Table 6; Figure 8). Given 

that identification requires sufficient anatomical detail to identify the bone and further 

detail to identify to species, these results are expected. However, it remains to be 
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determined how identification (as it relates to fragmentation), may influence 

interpretations of skeletal part frequencies.  

To determine if the level of taxonomic identification had a significant impact on 

the relationship between food utility and skeletal part frequencies, I conducted two 

further analyses: food utility verses combined cattle and probable cattle (cf. Bos taurus) 

%MAU; and food utility verses combined cattle, probable cattle and large ungulate 

%MAU. Evidence indicates large ungulate remains either largely consist of cattle 

remains or cattle and other large ungulates (such as red deer and horses) were not treated 

significantly differently when butchered. As mentioned above, cattle remains dominate 

the identified mammal assemblage (Table 4; see also Chapter 2). I conducted a chi-square 

test to determine if there are any significant differences in common types of butchering 

marks (cut marks, chop marks, scrape marks and percussion damage) between cattle, 

probable cattle (cf. Bos taurus), and large ungulates (see also Chapter 2 for additional 

discussion of butchery marks). There is a statistically significant difference in the 

frequency of butchering marks between the three groups [χ2 (6, n= 1265) =15.63, p=.025] 

(Table 7). Adjusted residuals indicate there are significantly fewer scrape marks in Bos 

taurus and significantly more scrape marks in large ungulate than would be expected by 

chance. This difference seems to be largely driven by the high frequency of scrape marks 

on anterior tibiae shaft fragments, which may further indicate differences in identification 

rather than in the frequency of butchering marks across taxonomic categories. With those 

marks removed, the chi-square results are not significant [χ2 (6, n= 1255) =10.78] (Table 

8). Further evidence to suggest that probable cattle and large ungulate fragments primary 

represent cattle comes from Spearman’s rho correlation coefficients between the ratio of 
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NISP:MNE (Table 6). There is a significant positive relationship between each pair 

([cattle and probable cattle: rho = .6221, p = 0.0007] [cattle and large ungulate: rho = 

.5605, p = 0.002] [probable cattle and large ungulate: rho = .79, p = <0.0001]). While 

identifiability varies for an element between categories (measured as the ratio of 

NISP:MNE), these coefficients indicate that there are not significant differences in the 

rank order of skeletal elements. 

 When cattle and probable cattle remains are taken together, the relationship 

between %MAU and standardized food utility is significant (rho = –.4798, p = 0.04) 

(Figure 9). When cattle are combined with probable cattle and large ungulates, the 

relationship is also significant (rho = –.5851, p = 0.01) (Figure 10). While there are slight 

differences in the scatterplots, the overall results remain the same and visually fit with 

expectations of low status or a reverse utility curve. Some elements, such as femora, 

humeri, radio-cubiti, and tibiae, are more frequent when probable cattle and large 

ungulate remains are considered, which suggests that identification does influence the 

visual pattern, but in this example does not significantly alter the overall pattern (compare 

Figures 6 and 10).    

 

Discussion and Conclusion 

 While Maasplein benefited from Roman status as a market town and as a regional 

capital (civitas), as a frontier town in Northern Europe it was predominantly a low-status 

urban site.  Similar to other Roman urban sites in the Netherlands and Roman Britain, the 

Maasplein region of Ulpia Noviomagus represents a mix of commercial and residential 
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activity in a town occupied primarily by lower and middle class merchants, craftsmen, 

government officials and military veterans (Bink and Franzen 2009; Davenport 1999; 

Ellis and White 2000; Filean 2006; Howe 1997; van Enckevort and Thijssen 2003; van 

der Velde 1995; Willems and van Enckevort 2009). Based on the economic food utility 

model I predicted the Maasplein faunal assemblage would contain relatively more low-

utility parts and relatively few high utility parts. Results match this prediction both 

visually (scatterplots) and statistically (Spearman’s rho). This suggests the food utility 

index for cattle is sufficiently well aligned with Roman cost-per-pound for cattle to be 

useful as theoretical framework to explore socioeconomic differences in skeletal part 

frequencies. 

 The theoretical model presented in this paper offers a new way to explore 

socioeconomic status in historical populations. Rather than being dependent on artifacts 

and contextual evidence to establish the meaning of zooarchaeological data, this model 

allows those data to be an independent indicators of status. This permits 

zooarchaeological data to be treated as interpretative tools just like artifacts. Use of 

multiple lines of evidence that include zooarchaeological data as independent indicators 

will strengthen interpretations we develop as a holistic discipline. 
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Figures 

 

Figure 1: Interpretive model of the relationship between carcass part frequencies 
(measured as standardized minimum animal units (%MAU) and meat utility rank, and 
relative socioeconomic status and meat access (modified from Binford 1978; Lyman 
1987). The high and low status lines in the model represent idealized selection based on 
utility. Additional possible interpretive patterns: A) Reverse Utility (after Thomas and 
Mayer 1983) or restricted low status (a variation of the low status model); B) Middle 
class; C) Gourmet utility (after Binford 1978) or restricted high status restricted (a 
variation of the high status model).  
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Figure 2: Scatterplot showing the relationship between standardized food utility index 
(sFUI) for cattle and cattle bone bulk density (rho = –0.155, p = 0.65). 

 

 

Figure 3: Scatterplot showing the relationship between standardized minimum animal 
units (%MAU) for cattle at Maasplein and bone bulk density for cattle (rho = –0.05, p = 
0.88). 
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Figure 4: Map of key sites in Roman Nijmegen from CE 70–c.CE 270 (modified from 
Willems and van Enckevort 2009). 1 Fortress of Tenth Legion; 2 Canabae legionis; 3 
Waalkade settlement; 4 Vlaamse Gas settlement; 5 Ulpia Noviomagus; 6–7 Cemeteries. 
A Forum; B Principia (central plaza); C amphitheater; D Mansio (official rest stop); E 
Maasplein including Temples of Mercurius and Fortuna; F Baths; G Temple; H Bridge 
across the Waal.  
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Figure 5: Detailed map of Maasplein illustrating the location of the elite house (1) and the 
temple complex (2) relative to the excavation units (white) (modified from Zee 2009). 
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Figure 6: Maasplein cattle scatterplot showing the relationship between standardized 
minimum animal units (%MAU) and standardized food utility index (sFUI) for cattle (rho 
= –.6515, p = 0.005). 
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Figure 7: Maasplein cattle scatterplot showing the relationship between standardized 
minimum animal units (%MAU) and standardized modified food utility index (sMFUI) 
for cattle (rho = –.6953, p = 0.002). 

 

 

 
Figure 8: Ratio of NISP:MNE based on data in Table 5. 
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Figure 9: Maasplein cattle and probable cattle scatterplot showing the relationship 
between standardized minimum animal units (%MAU) and standardized food utility 
index (sFUI) for cattle (rho = –.4798, p = 0.04). 

 

 

Figure 10: Maasplein cattle, probable cattle and large ungulate scatterplot showing the 
relationship between standardized minimum animal units (%MAU) and standardized 
food utility index (sFUI) for cattle (rho = –.5851, p = 0.01). 
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Tables 
 
Table 1: Gross meat, wet bone, marrow, grease and dry bone weights for each element or skeletal unit. All measurements in 
grams. 

Element/Unit 
Gross 

weight (g) 
Meat 

weight (g) 
Wet bone 
weight (g) 

Marrow 
weight 

(g) 

Grease 
weight 

(g) 
Dry bone 
weight (g) 

Skull       

     with mandible  14980 7540 7440 
5 (Right 

mandible) 109.65 3310 
     without mandible 11420 5810 5610 — 78 2190 

Mandible 3560 1730 1830 
5 (Right 

mandible) 31.65 1120 
Neck (Atlas, Axis) 2780 1740 1040 — 110 420 
Cervical vertebra  23860 20280 3580 — 41 1020 
Thoracic vertebra 16060 8860 7200 — 314.8 2380 
Lumbar vertebra 28160 24200 3960 — 133 1540 
Pelvis (Includes sacrum, 
caudal vertebra) 25360 18480 6880 — 190.3 2720 
Rib  30640 23500 7140 — 497.4 2350 
Sternum 8430 5800 2630 — 416.6 210 
Scapula 8970 7380 1590 — 49.1 650 
Humerus 6940 6940 6940 23 177.2 1060 
Radio-cubitus 5060 5061 5062 2.64 198.7 840 
Carpal 320 0 320 — 11.8 140 
Metacarpal 625 0 625 10.9 63.85 245 
Forelimb Phalanx 1175 0 1175 — 26.75 210 
Femur 22800 22800 22800 56.9 266.6 1210 
Tibia 6075 4250 1825 95 69.6 810 
Tarsal 1055 1056 1057 — 46.7 420 
Metatarsal 645 0 645 9.2 113.55 350 
Hindlimb Phalanx 1185 0 1185 — 26.75 210 
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Table 2: Calculation of food utility index (FUI) and standardized food utility index 
(sFUI) for cattle. 

Element/Unit 
Gross 

weight (g) 
Dry bone 
weight (g) FUI sFUI 

Skull     
     with mandible  14980 3310 11670 41.3 
     without mandible 11420 2190 9230 32.6 
Mandible 3560 1120 2440 8.6 
Neck (Atlas, Axis) 2780 420 2360 8.3 
Cervical vertebra  23860 1020 22840 80.7 
Thoracic vertebra 16060 2380 13680 48.4 
Lumbar vertebra 28160 1540 26620 94.1 
Pelvis (includes sacrum) 25360 2720 22640 80.0 
Rib 30640 2350 28290 100.0 
Sternum 8430 210 8220 29.1 
Scapula 8970 650 8320 29.4 
Humerus 6940 1060 5880 20.8 
Radio-cubitus 5060 840 4220 14.9 
Carpal 320 140 180 0.6 
Metacarpal 625 245 380 1.3 
Forelimb Phalanx 1175 210 965 3.4 
Femur 22800 1210 21590 76.3 
Tibia 6075 810 5265 18.6 
Tarsals 1055 420 635 2.2 
Metatarsals 645 350 295 1.0 
Hindlimb Phalanx 1185 210 975 3.4 

 
Table 3: Example of zones and numerical key used in analysis for metatarsal.  

Zone 
Number Metatarsal 

1 Proximal anterior articulation – medial 
2 Proximal anterior articulation – lateral 
3 Proximal posterior articulation – medial 
4 Proximal posterior articulation – lateral 
5 Proximal anterior shaft – medial 
6 Proximal anterior shaft – lateral 
7 Proximal posterior shaft – medial 
8 Proximal posterior shaft – lateral 
9 Distal anterior shaft – medial 

10 Distal anterior shaft – lateral 
11 Distal posterior shaft – medial 
12 Distal posterior shaft – lateral 
13 Distal anterior articulation – medial 
14 Distal anterior articulation –lateral 
15 Distal posterior articulation – medial 
16 Distal posterior articulation – lateral 
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Table 4: Summary of mammalian remains from Maasplein by taxon. NISP, number of 
identified specimens.  

Taxon NISP 

Bos taurus 1707 
cf. Bos taurus 
(probable cattle) 774 
Ovis/Capra 173 
Sus scrofa 83 
Equus caballus 21 
Homo sapiens 10 
Cervus elaphus 8 
Canis familiaris 6 
Dama dama 3 
Mus musculus 2 
Mustelinae 1 
Large Ungulate 1814 
Other Large Mammal 10 
Medium Mammal 187 
Ungulate  
(horn fragments) 320 
Small Mammal 16 

Total 5135 

 
Table 5: Skeletal element rank orders (lowest to highest) using standardized food utility 
(sFUI) calculation and using standardized modified food utility (sMFUI) to account for 
‘riders’. Utility values are shown to the right of each element. 

 Rank Order Using sFUI Rank Order Using sMFUI 
1 Carpal 0.6 Metacarpal 1.0 
2 Metatarsal 1.0 Metatarsal 1.6 
3 Metacarpal 1.3 Hindlimb Phalanx 2.2 
4 Tarsal 2.2 Forelimb Phalanx 2.4 
5 Forelimb Phalanx 3.4 Carpal 7.8 
6 Hindlimb Phalanx 3.4 Neck (Atlas, Axis) 8.3 
7 Neck (Atlas, Axis) 8.3 Mandible 8.6 
8 Mandible 8.6 Tarsal 10.4 
9 Radio-cubitus 14.9 Radio-cubitus 17.9 
10 Tibia 18.6 Humerus 25.1 
11 Humerus 20.8 Scapula 29.4 
12 Scapula 29.4 Skull without mandible 32.6 
13 Skull without mandible 32.6 Tibia 47.5 
14 Thoracic vertebra 48.4 Thoracic vertebrae 48.4 
15 Femur 76.3 Femur 78.2 
16 Pelvis (includes sacrum) 80.0 Pelvis (includes sacrum) 78.2 
17 Cervical vertebra 80.7 Cervical vertebra  80.7 
18 Lumbar vertebra 94.1 Lumbar vertebra 94.1 
19 Rib 100.0 Rib 100.0 
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Table 6: Ratio of NISP:MNE per element for Bos taurus, cf. Bos taurus and large 
ungulate. 

Element 
Bos 

taurus 
cf. Bos 
taurus 

Large 
ungulate 

Skull  2.17 7.33 6.13 
Mandible 4.38 2.75 3.00 
Atlas 1.33 0.00 0.00 
Axis 1.00 1.50 1.00 
Cervical Vertebra 1.00 1.83 2.40 
Thoracic Vertebra 1.50 1.13 1.77 
Lumbar Vertebra 2.00 2.67 2.88 
Rib 0.00 2.73 5.00 
Pelvis 1.38 2.00 3.00 
Scapula 1.00 1.00 2.50 
Humerus 1.91 3.00 4.47 
Radius 2.27 2.63 3.03 
Ulna 1.63 1.60 5.83 
Radio-cubitus 1.23 1.00 2.78 
Carpal  1.22 1.36 2.03 
Metacarpal 1.54 6.31 3.50 
Femur 2.63 2.63 4.46 
Tibia 2.08 2.75 5.52 
Astragalus 2.14 2.07 3.00 
Calcaneus 1.64 2.00 3.91 
C+4 tarsal 1.63 1.71 1.66 
Tarsal 1.01 1.07 1.94 
Metatarsal 1.58 5.27 4.50 
Phalanx 1 1.00 1.11 1.17 
Phalanx 2 1.00 1.00 1.00 
Phalanx 3 1.00 1.00 1.00 
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Table 7: Results of chi-square test of the types of butchering marks by species. 

Category Observed Expected 
Chi-Square 

Value 
Adjusted 
Residuals 

Bos taurus– Cut 277 272.85 0.06 0.47 
Bos taurus– Chop 127 122.50 0.16 0.62 
Bos taurus– Scrape 57 74.71 4.20 –3.00 
Bos taurus– Percussion 126 116.94 0.70 1.28 
cf. Bos taurus– Cut 101 108.77 0.55 –1.13 
cf. Bos taurus– Chop 49 48.83 0.00 0.03 
cf. Bos taurus– Scrape 30 29.78 0.00 0.05 
cf. Bos taurus– Percussion 54 46.62 1.17 1.34 
Large Ungulate– Cut 210 206.38 0.06 0.43 
Large Ungulate– Chop 88 92.66 0.23 –0.68 
Large Ungulate– Scrape 74 56.51 5.41 3.09 
Large Ungulate– 
Percussion 72 88.45 3.06 –2.43 

     
Chi-Square Value= 15.63   
Critical Value (.025, 6): 14.45   
Note: Adjusted residuals in italic are statistically significant at α =.05 

 
Table 8: Results of chi-square test of the types of butchering marks by species without 
large ungulate anterior tibiae scrape marks. 

Category Observed Expected 
Chi-Square 

Value 
Bos taurus– Cut 277 275.02 0.01 
Bos taurus– Chop 127 123.48 0.10 
Bos taurus– Scrape 57 70.63 2.63 
Bos taurus– Percussion 126 117.87 0.56 
cf. Bos taurus– Cut 101 109.64 0.68 
cf. Bos taurus– Chop 49 49.22 0.00 
cf. Bos taurus– Scrape 30 28.15 0.12 
cf. Bos taurus– Percussion 54 46.99 1.05 
Large Ungulate– Cut 210 203.34 0.22 
Large Ungulate– Chop 88 91.30 0.12 
Large Ungulate– Scrape 64 52.22 2.66 
Large Ungulate– Percussion 72 87.15 2.63 

    
Chi-Square Value= 10.78  
Critical Value (.05, 6): 12.59   
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Appendix 1: Element Zones and Numerical Key 

A1: Element zones for skull 

Zone 
Number 

 
Skull 

   Horn/antler 
1  Horn base 
2  Horn mid shaft only 
3  Horn end 
4  Antler base 
5  Antler end 

   Nasals 
6  Anterior half 
7  Posterior half 

   Premaxilla 
8  Present 

   Maxilla 
9  Infraorbital foramina 

10  Zygomatic process 
   Alveoli region 

11  Incisor 1 
12  Incisor 2 
13  Incisor 3 
14  Canine 
15  Premolar 1 
16  Premolar 2 
17  Premolar 3 
18  Premolar 4 
19  Molar 1 
20  Molar 2 
21  Molar 3 
22  Molar 4 

   Tooth 
23  Incisor 1 
24  Incisor 2 
25  Incisor 3 
26  Canine 
27  Premolar 1 
28  Premolar 2 
29  Premolar 3 
30  Premolar 4 
31  Molar 1 
32  Molar 2 
33  Molar 3 

   Zygomatic 
34  Maxillary process 
35  Temporal process 

   Lacrimal 
36  Present 

   Frontal 
37  Medial portion 
38  Supraorbital process 

   Palatine 
39  Present 

   Vomer 
40  Present 

   Nasal conchae 
41  Present 

   Ethmoid 
42  Present 

   Parietal 
43  Sagittal crest– anterior 

44 
 Sagittal crest– 

posterior 
45  Anterior inferior quad 
46  Anterior superior quad 
47  Posterior inferior quad 
48  Posterior superior quad 
49  Nuchal crest 

   Interparietal 
50  Present 

   Temporal 
51  Auditory bullae 
52  EAM 
53  Zygomatic process 
54  Mandibular fossa 
55  squama 
56  Mastoid process 

   Occipital 
57  Right Condyle 
58  Left condyle 
59  Right Nuchal crest 
60  Left Nuchal crest 
61  Occipital protuberance 
62  Basiocciput 

   Sphenoid 
63  Bassiisphenoid 
64  Alisphenoid 
65  Prespheniod 
66  Orbitosphenoid 
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A2: Element zones for mandible. 

Zone 
Number Mandible 

 Body 
1 Mandibular sym.  

 Alveoli region 
2 Incisor 1 
3 Incisor 2 
4 Incisor 3 
5 Canine 
6 Premolar 1 
7 Premolar 2 
8 Premolar 3 
9 Premolar 4 

10 Molar 1 
11 Molar 2 
12 Molar 3 
13 Molar 4 

 Tooth 
14 Incisor 1 
15 Incisor 2 
16 Incisor 3 
17 Canine 
18 Premolar 1 
19 Premolar 2 
20 Premolar 3 
21 Premolar 4 
22 Molar 1 
23 Molar 2 
24 Molar 3 
25 Molar 4 

  Ramus 
26 Coronoid process 
27 Superior notch 
28 Mandibular condyle 
29 Masseteric fossa/Mandibular foramen 
30 Anterior ramus 
31 Angle 

  Body continued  
32 Diastema 
33 Mental foramen 
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A3: Element zones for axis and atlas. 

Zone 
Number Atlas-Axis 

 Atlas 
1 Right wing 
2 Left wing 
3 Right anterior facet 
4 Left anterior facet 
5 Right transverse foramen 
6 Left transverse foramen 
7 Right posterior facet 
8 Left posterior facet 
9 Fovea dentis 

 Axis 
10 Dens 
11 Right anterior facet 
12 Left anterior facet 
13 Spinous Process 
14 Right transverse process 
15 Left transverse process 
16 Right pedicle 
17 Left pedicle 
18 Right posterior facet 
19 Left posterior facet 
20 Right half posterior body 
21 Left half posterior body 

 
A4: Element zones for cervical vertebra. 
Zone 
Number Cervical Vertebra  

1 Right anterior facet 
2 Left anterior facet 
3 Spinous process – posterior half 
4 Spinous process – anterior half 
5 Right transverse process 
6 Left transverse process 
7 Right pedicle 
8 Left pedicle 
9 Right posterior facet 

10 Left posterior facet 
11 Right half body 
12 Left half body 
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A5: Element zones for thoracic vertebra.  

Zone 
Number Thoracic Vertebra 

1 Right anterior facet 
2 Left anterior facet 
3 Spinous process base – posterior 
4 Spinous process base – anterior 
5 Spinous process middle 
6 Spinous process end 
7 Right transverse process 
8 Left transverse process 
9 Right pedicle 

10 Left pedicle 
11 Right posterior facet 
12 Left posterior facet 
13 Right half body 
14 Left half body 
15 Right costal facet – anterior 
16 Left costal facet – anterior 
17 Right costal facet – posterior 
18 Left costal facet – posterior 

 
A6: Element zones for lumbar vertebra. 

Zone 
Number Lumbar Vertebra 

1 Right anterior facet 
2 Left anterior facet 
3 Spinous process  
4 Right transverse process 
5 Left transverse process 
6 Right pedicle 
7 Left pedicle 
8 Right posterior facet 
9 Left posterior facet 

10 Right half body 
11 Left half body 
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A7: Element zones for caudal vertebra. 

Zone 
Number Caudal Vertebra 

1 Proximal end 
2 Distal end 

 
A8: Element zones for pelvis.  

Zone 
Number Pelvis 

 Illium 
1 Auricular surface 
2 Anterior iliac crest 
3 Posterior iliac crest 

4 
Portion superior to 
Acetabulum 

5 Greater sciatic notch 

 Acetabulum 
6 Anterior half of lunate 
7 Posterior half of lunate 
8 Acetabular notch 
9 Acetabular fossa 

 Ischium 
10 Body 
11 Ramus – posterior half 
12 Ramus – anterior half 
13 Ischial tuberosity 
14 Pubic symphysis 

  Pubis  
15 Ramus 
16 Pubic symphysis 

 
A9: Element zones for sacrum.  

Zone 
Number Sacrum 

1 Sacral plateau 
2 Right wing 
3 Left wing 
4 Dorsal wall – anterior half 
5 Dorsal wall – posterior half 
6 Ventral wall – anterior half 

7 
Ventral wall – posterior 
half 
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A10: Element zones for rib. 

Zone 
Number Rib 

1 Head 
2 Neck 
3 Tubercle 
4 Proximal shaft 
5 Medial shaft 
6 Distal shaft (after costal groove) 

 
A11: Element zones for sternum. 

Zone 
Number Sternum 

1 Manubrium 

2 
Other 
sternum 

3 Xiphoid 

 
A12: Element zones for scapula.  

Zone 
Number Scapula 

1 Glenoid fossa – anterior half 
2 Glenoid fossa – posterior half 
3 Neck 
4 Acromion process 
5 Spine – medial half 
6 Spine – lateral half 
7 Supraspinous fossa – medial half 
8 Supraspinous fossa – lateral half 
9 Infraspinous fossa – medial half 

10 Infraspinous fossa – lateral half 
11 Cranial border – medial half 
12 Cranial border – lateral half 
13 Caudal border – medial half 
14 Caudal border – lateral half 
15 Vertebral border 
16 Cranial angle 
17 Caudal angle 
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A13: Element zones for humerus. 

Zone 
Number Humerus 

1 Greater tuberosity 
2 Lesser tuberosity 
3 Head – medial half 
4 Head – lateral half 
5 Proximal anterior shaft – medial 
6 Proximal anterior shaft – lateral 
7 Proximal posterior shaft – medial 
8 Proximal posterior shaft – lateral 
9 Distal anterior shaft – medial 

10 Distal anterior shaft – lateral 
11 Distal posterior shaft – medial 
12 Distal posterior shaft – lateral 
13 Supracondylar ridge 
14 Olecranon fossa 
15 Lateral condyle 
16 Medial condyle 
17 Lateral epicondyle 
18 Medial epicondyle 
19 Medial ridge 

 
A14: Element zones for radius. 

Zone 
Number Radius 

1 Head – medial half 
2 Head – lateral half 
3 Proximal anterior shaft – medial 
4 Proximal anterior shaft – lateral 
5 Proximal posterior shaft – medial 
6 Proximal posterior shaft – lateral 
7 Distal anterior shaft – medial 
8 Distal anterior shaft – lateral 
9 Distal posterior shaft – medial 

10 Distal posterior shaft – lateral 
11 Carpal articular surface – medial 
12 Carpal articular surface – lateral 
13 Ulnar notch (on carnivore) 
14 Styloid process (on carnivore) 
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A15: Element zones for ulna. 

Zone 
Number Ulna 

1 Oleceron process 
2 Anconeal process 
3 Coronoid  
4 Radial notch 
5 Proximal anterior shaft 
6 Proximal posterior shaft 
7 Distal anterior shaft 
8 Distal posterior shaft 
9 Styloid process 

 
A16: Element zones for metacarpal. 

Zone 
Number Metacarpal 

1 Proximal anterior articulation – medial 
2 Proximal anterior articulation – lateral 
3 Proximal posterior articulation – medial 
4 Proximal posterior articulation – lateral 
5 Proximal anterior shaft – medial 
6 Proximal anterior shaft – lateral 
7 Proximal posterior shaft – medial 
8 Proximal posterior shaft – lateral 
9 Distal anterior shaft – medial 

10 Distal anterior shaft – lateral 
11 Distal posterior shaft – medial 
12 Distal posterior shaft – lateral 
13 Distal anterior articulation – medial 
14 Distal anterior articulation – lateral 
15 Distal posterior articulation – medial 
16 Distal posterior articulation – lateral 
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A17: Element zones for femur. 

Zone 
Number Femur 

1 Head – anterior half 
2 Head – posterior half 
3 Neck 
4 Greater trochanter 
5 Trochanteric fossa 
6 Lesser trochanter 
7 3rd trochanter 
8 Proximal anterior shaft – medial 
9 Proximal anterior shaft – lateral 

10 Proximal posterior shaft – medial 
11 Proximal posterior shaft – lateral 
12 Distal anterior shaft – medial 
13 Distal anterior shaft – lateral 
14 Distal posterior shaft – medial 
15 Distal posterior shaft – lateral 
16 Lateral condyle 
17 Medial condyle 
18 Lateral epicondyle 
19 Medial epicondyle 
20 Intercondylar fossa 
21 Patellar surface 

 
A18: Element zones for tibia. 

Zone 
Number Tibia 

1 Lateral condyle 
2 Medial condyle 
3 Tibial tuberosity 
4 Anterior crest 
5 Proximal anterior shaft – medial 
6 Proximal anterior shaft – lateral 
7 Proximal posterior shaft – medial 
8 Proximal posterior shaft – lateral 
9 Distal anterior shaft – medial 

10 Distal anterior shaft – lateral 
11 Distal posterior shaft – medial 
12 Distal posterior shaft – lateral 
13 Distal anterior articulation – medial 
14 Distal anterior articulation – lateral 

15 
Distal posterior articulation – 
medial 

16 Distal posterior articulation – lateral 
17 Medial malleolus 
18 Articulation for fibula 
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A19: Element zones for fibula. 

Zone 
Number Fibula 

1 Head  
2 Proximal shaft 
3 Distal shaft 
4 Lateral malleolus 

 
A20: Element zone for tarsal. 

Zone 
Number Tarsal 

 Astragalus 
1 Medial articulation for Navicularcuboid 
2 Lateral articulation for Navicularcuboid 
3 Troclea-medial 
4 Troclea – lateral 
5 Medial articulation for calcaneus 
6 Lateral articulation for calcaneus 
7 Head (on carnivore) 
8 Neck (on carnivore) 
9 Sulcus tali (on carnivore) 

 Calcaneus  
10 Medial articulation for astragalus 
11 Lateral articulation for astragalus 
12 Sustenaculum tali 
13 Calcaneal tuberosity – medial process 
14 Calcaneal tuberosity – lateral process 
15 Articulation for central-4th 
16 Articulation for lateral malleolus 
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A21: Element zones for metatarsal. 

Zone 
Number Metatarsal 

1 Proximal anterior articulation – medial 
2 Proximal anterior articulation – lateral 
3 Proximal posterior articulation – medial 
4 Proximal posterior articulation – lateral 
5 Proximal anterior shaft – medial 
6 Proximal anterior shaft – lateral 
7 Proximal posterior shaft – medial 
8 Proximal posterior shaft – lateral 
9 Distal anterior shaft – medial 

10 Distal anterior shaft – lateral 
11 Distal posterior shaft – medial 
12 Distal posterior shaft – lateral 
13 Distal anterior articulation – medial 
14 Distal anterior articulation – lateral 
15 Distal posterior articulation – medial 
16 Distal posterior articulation - lateral 

 
A22: Element zones for phalanx 

Zone 
Number Phalanx 

 1st Phalanx 
1 Proximal 
2 Distal 

 2nd Phalanx 
3 Proximal 
4 Distal 

 3rd Phalanx 
5 Proximal 
6 Distal 
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CHAPTER 6: 

CONCLUSION 

 

 

In preceding chapters, I presented results of my analysis of the Maasplein, The 

Netherlands faunal assemblage. Maasplein is in the region known as the Dutch Eastern 

River Area, which includes modern Nijmegen, and is one of the largest excavations 

within the Roman market town of Ulpia Noviomagus. The site dates from approximately 

CE 70 to CE 270 and includes a double temple complex, an elite residence and adjoining 

commercial properties. The faunal material was analyzed at the University of Missouri 

Zooarchaeology lab, Department of Anthropology.  

 In Chapter 2, I presented a systematic paleontology and summary of taphonomic 

(e.g., butchery marks, weathering, burning) and other bone characteristics (e.g., 

pathologies, epiphyseal fusion status, tooth eruption stage). Because identification of 

skeletal element and taxon represented by each specimen is the cornerstone of 

zooarchaeology, the systematic paleontology explicitly outlines the methods and 

anatomical criteria used to make identifications. The majority of the identified animal 

remains from Maasplein was mammalian (NISP: 5135) and of the mammal remains, 33% 

of the assemblage was cattle (Bos taurus) (NISP = 1707). Cattle (Bos taurus plus cf. Bos 

taurus) are the most abundant domestic food species, representing 90% of all remains 

identified as domestic taxa.  

 Socioeconomic interpretations of faunal material often rely on diet breadth and 

richness, or the number of taxa present, as an indicator of wealth-related access to 

particular species or animal groups (e.g., hunted or exotic taxa). As a result, it is 
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important to understand how research decisions could impact taxonomic richness. In 

Chapter 3, I examined the impact of recovery methods on taxonomic richness of screened 

and unscreened Roman assemblages. Not surprisingly in light of previous research using 

faunal assemblages generated by human foragers, the rate of species input is higher for 

screened collections than for unscreened collections. For Maasplein, unscreened samples 

could be contributing to the observed low richness and should be considered as part of 

any socioeconomic interpretation.   

 In Chapter 4, I introduce the use of economic utility models applicable to complex 

societies as a method to understand skeletal part frequencies. I describe a utility model 

that uses the relative food value of carcass parts to make theoretically informed 

predictions about skeletal part frequencies based on socioeconomic status. The model 

assumes that people of high socioeconomic status will preferentially acquire greater 

relative frequencies of high yield (assumed to be high cost) parts than people of low 

status. For the first application, I butchered a pig (Sus scrofa) to create a food utility 

index used to rank carcass parts and operationalize the model. The model was then 

applied to the Roman villa at San Giovanni di Ruoti, Italy and the Roman town of 

Maasplein, The Netherlands. At San Giovanni di Ruoti, results indicate that for the early 

phases of the villa, as predicted, there are relatively more high-yield parts, reflecting high 

status, while the last phase contains relatively more low-yield parts. This supports 

conclusions of the original excavators that it was operating as a commercial farm during 

the later phases of the site. The Maasplein sample size for pigs is low (NISP=83), but as 

expected for a low-status urban settlement, the visual pattern evidenced by a bivariate 

scatterplot indicates relatively few high-utility parts.  
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 Chapter 5 expands research on the economic utility model by presenting a food 

utility index for cattle (Bos taurus). Given the importance and dominance of cattle at 

Roman Maasplein, it made it an ideal site to apply the model using cattle food utility. As 

predicted for a low-status urban site, relatively more low-yield skeletal parts were 

identified at the site. I also considered and explored the impact of ‘riders’ and 

identification level on the empirical utility curves. Neither had a dramatic effect on 

results.  

 

Future projects 

Establishing utility indices for the principal domesticated mammalian species in 

the diet is essential for operationalizing and testing the food utility/socioeconomic status 

model. The principal domesticates that are expected at US and Old World historic sites 

are sheep/goat (Ovis/Capra), pig and cattle (e.g., Barber 1999; Bink and Franzen 2009; 

King 1985; MacKinnon 2002, 2004; Thawley 1982). For this project, I acquired and 

butchered a 6-month old pig and an 18-month old cow to establish food utility indices. In 

the future, I intend to expand the results to include sheep and goats as well as butcher 

additional male, female and juvenile individuals of each species to determine how age 

and sex influence the rank order of the food utility values per skeletal part.  

 To further evaluate the model, I intend to apply it to additional Roman sites, as 

well as other historical sites in the Old and New World.  Research is in progress to apply 

the model to the prehistoric Etruscan site of Poggio Civitate: Murlo, and also to 

collections from Colonial Boston. Poggio Civitate: Murlo was occupied between 700 and 
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535 BCE, and during Phase 1 of the occupation contained a large elite residence and a 

workshop complex (Tuck 2012). Socioeconomic differences in the faunal material 

between the two sampled areas of the site have been noted, but not within the framework 

of food utility (Kansa and MacKinnon 2013). Colonial Boston provides a more 

contemporary New World historic site. Four sites, dating from 1630-1825, were 

originally studied to examine differences between urban and rural faunal assemblages, 

but would also allow study of socioeconomic status (Landon 1996). Two of the 

assemblages (Wilkinson Backlot and Paddy’s Alley/Cross Street Backlot) represent 

accumulations of secondary refuse primarily from residential properties occupied by 

lower to middle class merchant families within urban Boston. The two remaining 

assemblages (Spencer-Pierce-Little Farm and Winslow Farm) also contain residential 

refuse, but from elite rural farms outside Boston. 

 Additionally, I would like to finish analyzing the Maasplein assemblage, as only a 

small sample of the collection has been analyzed and presented here. Ninety-two of 102 

boxes of faunal remains recovered from the site are unprocessed. Complete processing 

and identification would allow for analyses that require greater temporal and spatial 

resolution. For example, with greater spatial resolution, I could compare faunal remains 

from deposits associated with the elite residence to other contexts. This would allow 

socio-economic variation to be considered within a single site. Greater temporal 

resolution would allow me to determine if there are changes in the socio-economic 

implications of the faunal material in different periods at Maasplein (e.g., before and after 

the departure of the military and Legio X Gemina [legion]). The large size of the 
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collection would result in tremendous statistical power, something lacking in many 

zooarchaeological studies (Wolverton et al. 2016).  
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