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ABSTRACT 

The broad aim of this thesis is to use an archeozoological approach to further 

understand the changes that the Roman colonization of Tunisia brought about in animal 

husbandry practices, diet patterns and the animal trade.  

To achieve this aim, we have undertaken a comparative study of faunal assemblages. 

We have analyzed the faunal remains from Ghizen and Zama, and the results have been 

contextualized with all the archaeozoological information available from Tunisia.  

We developed a specific methodology for comparing published faunal data. Our 

analyses concentrated on the taxonomical quantification of the main domestic species 

(cattle, sheep, goat and pig) in order to establish the economic importance of each 

taxon. The skeletal elements were examined in order to determine the effects of 

taphonomic and human alteration on each assemblage. Age at death was estimated in 

order to shed light on animal use and exploitation. 

Our results provide greater insight into changes in animal husbandry practices, meat diet 

and animal trade in Tunisia from the Iron Age to the Roman period. We have 

documented that during the Roman period animal husbandry was more specialized. 

More specifically, the economic importance of sheep and pigs increased: the former 

were largely exploited for their wool while the latter became a major source of meat. 

At the same time, such species as cat, black rat, house mouse, rabbit, hare and fallow 

deer were introduced into Tunisia during the Roman period, which shows that animals 

were another commodity traded in North African ports. The animal trade was an 

important economic activity for Tunisia, not only for the exportation of wild beasts but 

also for the importation of wild and domestic animals.   

The meat diet was also modified, particularly in the northern provinces of Tunisia, 

where there was an increase in pork consumption. So, we propose that the meat dietary 

pattern documented in Tunisia during the Roman period was influenced not only by 

cultural factors, but also by economic and maybe environmental factors, all of which 

were interconnected. 
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1. INTRODUCTION 

Archaeozoology, with an emphasis on animal and human behavior, focuses on the study 

of animal remains associated with archaeological materials to address questions of the 

human-animal-environmental relationship (Steele, 2015). Archaeozoological analyses 

address topics ranging from diet, economy, resource use, domestication processes, herd 

management, breed development, economic and social exchange networks, 

colonization, adaptation, environment, climate, and site formation (Steele, 2015). 

Despite the richness of archaeological sites with abundant archaeobiological remains, 

North Africa has been poorly investigated in terms of the socio-economic development 

of the ancient Mediterranean populations. Many Tunisian sites (Utica, Carthage, 

Althiburos, Meninx, Ghizen, Zama, etc.) now provide a good opportunity for 

understanding the development of pre-Roman and Roman communities using an 

integrated archaeozoological approach. 

The present study provides valuable environmental, socio-economic and cultural 

information of past populations from Tunisia through the study of faunal remains. 

Archaeozoological analysis is particularly suited to investigate animal production and 

consumption, the animal trade and animal husbandry, and how these were transformed 

as part of a progressively more complex and specialized economic system. These will 

be the three main topics investigated in this PhD.  

The conquest of North Africa, and more specifically of Tunisia, by the Roman Empire 

brought changes to the socio-political and socio-economic organization of the 

indigenous communities settled in this area. However, there is little information on how 

the conquest affected animal husbandry, trade and dietary patterns, even though 

important changes took place in these aspects in other areas of the Mediterranean basin 

(Lepetz, 1996; Mackinnon, 2010; Colominas, 2013, Valenzuela et al., 2013).  

Two main cultures existed in North Africa before the Roman occupation: the Berber 

tribes (or the Numidians) and the Phoenician colonizers who had been settled there at 

least since the 8th century BC (De Marre, 2002). The Numidians and the Phoenicians 

are two societies that characterised the pre-conquest of North Africa (Fentress, 2006). 

They were a distinctive and independent civilisation from their homeland in the Levant 
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that dominated the Mediterranean Sea during the 1st millennium BC, when they 

established numerous colonies and trading posts (Zalloua et al., 2008). Their maritime 

expertise allowed them to establish a trading empire all over the Mediterranean and 

beyond (Stieglitz, 1990; Harden, 1971).  

The indigenous Numidians were Berber people who farmed the land (Fentress, 2006). 

Pliny the Elder said that the Numidians were nomads (Nat.  Hist., book V, pp. 3-11 in 

Cruz-Floch, Valenzuela-Lamas, 2018). Recent archaeological research at Althiburos 

(Kallala, Sanmarti, 2011; Sanmarti et al., 2012) and the study of bioarchaeological 

remains (Lopez-Reyes, Cantero, 2016; Valenzuela-Lamas, 2016) suggest that these 

tribes were sedentary in the 10th-9th centuries BC, and that the economy was based on 

intensive agriculture of cereals and mixed animal husbandry focused on cattle, 

sheep/goat and pigs (Cruz-Folch, Valenzuela-Lamas, 2018). Some epigraphic traces 

show that Numidian aristocrats became Roman citizens (Brett, Fentress, 1996). The 

emergence of Numidian families who controlled important resources may have been 

one of the effects of the Italian negotiatores in their search for wheat (Fentress, 2006). 

The incorporation of auxiliary units of Numidian cavalry into the Roman army also 

gave a new role to this important part of African society, one which brought status and a 

road to Roman citizenship (Brett, Fretness, 1996). Numidian soldiers and acquisitive 

merchants may have moved the society away from its economic isolation (Fentress, 

2006). 

1.1. Aims of the PhD research 

This study investigates animal exploitation and the Roman colonization of North Africa, 

and specifically of Tunisia. It focuses on three aspects: animal husbandry, animal trade 

and the meat diet. Therefore, the specific objectives are: 

1. To describe the general characteristics of animal husbandry in pre-Roman and Roman 

times in Tunisia and assess whether any changes occurred after the Roman conquest. 

The Romans instigated changes in livestock practices in the territories that they 

occupied and after the Roman conquest the North-African communities underwent a 

social and political transformation. Therefore, this study aims to determine if the 

changes in animal husbandry documented in other countries were also produced in 

Tunisia, and, if so, the reasons for them.  
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2. To examine which species were introduced and exported during the Roman period in 

Tunisia using archaeozoological data and to contextualize them with written and 

iconographic sources.  

Regional, inter-regional and international trade was a common feature of the Roman 

world. North Africa was a platform from which Rome was supplied with such products 

as cereals, olive oil, wine, fruit, legumes and animals. This study investigates which 

species were exported from and imported to North Africa in general and Tunisia in 

particular. 

3. To document the general characteristics of the meat diet in Tunisia before and after 

the Roman conquest.  

Diet, especially meat consumption, is a cultural trait that tends to persist for generations 

as an element of cultural identity (Harris, 1985; Scholliers, 2001). Much of our 

knowledge of diet in Classical Antiquity has been derived from ancient literary texts. 

The present study sets out the evidence for regional dietary patterns during the Roman 

period. It explores the notions of Romanization, inter-regional influence and diachronic 

change. 

 

Therefore, this study acts as a basis on which ancient Tunisia can be comprehensively 

analysed from an archaeozoological perspective, studying some socio-economic aspects 

of the communities living there, and providing an overall approach that allow root 

Tunisia in its Mediterranean context during Antiquity. 

 

1.2. Structure 

This work is structured around three texts that focus on animal exploitation in Tunisia 

during the Roman period: one book chapter, one published paper, and another submitted 

paper on animal husbandry, the animal trade and the meat diet. 

Chapter One is a general introduction that explains the main objectives of our research 

and the structure of the thesis.  

Chapter Two describes the material studied and the methods used to carry out the 

investigation.  
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Chapter 3 discusses aspects of animal husbandry in pre-Roman and Roman times in 

Tunisia and assesses any changes that may have occurred after the Roman conquest on 

the basis of the book chapter “Romanization and Animal husbandry in Tunisia: demand 

for wool?” 

Chapter 4 discusses the animal trade during the Roman period, and describes which 

species were exported from North Africa and which were introduced by the Romans, 

into Tunisia. The chapter includes the original scientific article of “The Roman 

introduction and exploitation of animals into Tunisia: Linking archaeozoology with 

textual and iconographic evidence”. 

Chapter 5 discusses aspects of meat consumption in Tunisia during the pre-Roman to 

Roman period and describes the main food species which contributed to the Tunisian 

diet. It includes the original scientific article of “Roman Tunisian dietary patterns as a 

feature of Romanitas: an archaeozoological approach”. 

Chapter 6 summarizes the conclusions of the study. 
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2. MATERIAL AND METHODS OF ANALYSIS 

2.1 Material 

In this PhD we have analyzed the faunal remains from two sites unstudied until now: 

Ghizen (south-east of Tunisia, Djerba Island), and Zama (north-west of Tunisia, 

Siliana).  

We have selected these two sites because they both have Iron Age and Roman 

occupations to compare the data between periods. At the same time, they are 

geographically separate, so data from different areas of Tunisia can be compared.  

 

 

 

 

 

 

 

 

 

 

 

  

 

Figure 1: Map of location of the different site mentioned in the text. 
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Finding faunal assemblages to study in Tunisia was not an easy task because of the 

absence of systematic and programmed excavation campaigns organized by the 

Tunisian authorities. Most of the archaeozoological studies undertaken about Tunisia 

were the result of partnerships between the Institut National de Patrimoine de Tunis and 

international institutions.    

The site in Ghizen consists of a quadrangular space parallel to the shoreline made up of 

three rooms of similar sizes oriented east-west (Bentaher, 2014). These three rooms 

presented three levels of occupation from between the Punic and the Roman periods, 

although anthropogenic activities have been documented on the site since the 6th 

century BC. The presence of fishing nets, weights and hooks indicate that these rooms 

are fishermen’s houses (Bentaher, Sternberg, 2011). The current state of the excavations 

does not show whether these rooms are isolated fishermen’s facilities or part of a large 

production structure associated with fish processing (Bentaher, Sternberg, 2011). In 

total, 929 faunal remains were recovered from these fishermen’s houses from the Punic 

(first and second levels) and Roman period (third level).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Plan of the excavation and photo of the archaeological structure of Ghizen site (Plan of 

Bentaher). 
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Zama is on the plain of Siliana (north-west of Tunisia), probably in the vicinity of the 

famous battle of Zama. Written sources show that Zama was an important Roman city. 

Since 1995, numerous surveys have been carried out at the site (Ferjaoui, 2001). A 

Tunisian-Italian mission was undertaken by the University of Sassari (Italy) and the 

National Heritage Institute of Tunisia, who in 2002 excavated the thermal structures 

dating from the 2nd-3rd centuries AD (Bartoloni et al., 2010). A total of 2,272 faunal 

remains were studied from these thermal structures and 1,682 faunal remains were 

recovered from the pre-Roman levels (temple zone) dating from 125-25 BC (Sebai, 

2018). 

 

 

 

 

 

 

 

 

 

Figure 3: Plan of the excavation and photo of the thermal structure of Zama site (Plan, Bartoloni et al., 

2010). 

 

To complement and contextualize the information obtained by the archaeozoological 

study of the sites at Ghizen and Zama, we used faunal data reported from other Tunisian 

sites at Utica, Carthage, Bir Messaouda, Magon Quarter, Ilôt de L’Amirauté, Yasmina, 

Kobbat Bent El Rey, Althiburos, Thuburbo Maius, Zembra Island, Bir Ennahal, 

Leptiminus, Zita, and Meninx (Figure 1).  
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2.2. Methods of Analysis 

In this study, we intend to use faunal remains from Ghizen, Zama and other Tunisian 

sites, for which results have already been reported, to investigate the use of animals in 

Tunisia during the pre-Roman and Roman periods. The study analyses animal bones 

using a variety of techniques for identification, taxonomic determination and 

comparison. 

Species, age, body-part representation and taphonomical characteristics, both diagenetic 

preservation and anthropic marks (fire, cut and chop marks), were recorded for each 

item.  

The anatomic and taxonomic identifications were made by comparing the morphology 

of archaeological specimens with diagnostic criteria described in various atlases 

(Clarence et al., 1970; Schmid, 1972; Diane, 2009; Zeder, Pilaar, 2010; Zeder, Lapham, 

2010). Distinguishing between sheep and goat remains in archaeological faunal 

assemblages is a recurring difficulty as the skeletons of small ruminant ungulates have 

similar morphological characteristics. Several papers have been published to facilitate 

this task. Nevertheless, sheep and goat were differentiated following Boessneck (1980), 

Payne (1985), and Prummel and Frisch (1986). Remains of birds, amphibians, mollusks 

and fish were counted but not taxonomically determined. The mammal remains that 

were not taxonomically determined because of fragmentation were classified in terms of 

size: large mammal (which includes cattle, horse and red deer), medium mammal 

(sheep/goat, pig, dog and roe deer) and small mammal (cat, hare and rabbit).  

The anatomy was identified in terms of the fragment, the element and the body part. 

Here, five distinct body-part categories (head, forelimb, hind limb, feet, and trunk) were 

used. 

The quantification units used were the number of remains (NR), the number of 

identified faunal remains (NRD or NISP), and the minimum number of individuals 

(MNI).  

Mortality profiles are important to our understanding of breeding and production 

strategies, and they are more accurate when based on teeth age estimation. Age-at-death 

was estimated using two main methods: fusion of the eruption and wear of mandibular 
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teeth. For cattle and pig, tooth wear stages follow Grant (1982), and these were grouped 

into the age stages suggested by O’Connor (1988). For caprines, both tooth wear stages 

and age stages follow Payne (1973). We also estimated the age at death of individuals 

from the epiphyseal fusion (Silver, 1969). 

Many factors (anthropic and natural) determine the preservation of bones on an 

archaeological site and there is no doubt that the bones recovered are only a very small 

percentage of the original representation (Davis 1995). The processes of recovery may 

be controlled to some extent by the archaeologist and it should be stressed that even a 

100% recovery from the site is still only a small sample of the original amount. Due to 

the variable sizes and robustness of animal bones, taphonomic factors may favor the 

preservation of some species and not others. In some cases larger bones survive better 

although, if subject to trampling, smaller bones may remain more intact. 

So different features may provide different information even though the assemblage is 

the same (Lyman 1994). The state of bone preservation made it possible to analyse 

butchering marks, in the form of cut and chop marks, which may be evidence of the 

removal of hides and the segmentation of carcasses. 

The taphonomic traces that need also to be mentioned are traces of burning. When meat 

is prepared still attached to the bone, the bone often gets burnt. When they burn at low 

temperatures, bones turn brown or black. Calcination takes place at high temperatures 

and gives the bones a white color (Slopsma et al., 2009).  

Metric analysis of mammal remains was performed mostly following von den Driesch 

(1976). All values are in millimeters. 
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3. ARCHAEOZOOLOGICAL DATA 
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3. ARCHAEOZOOLOGICAL DATA 

3.1. Ghizen 

A total of 929 faunal remains were recovered from the Punic and Roman levels of the 

Ghizen site. Of these, 183 were attributed to species, 98 were considered to be medium-

sized mammals, 25 large mammals, and 6 small mammals. 436 were indeterminate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Taxonomic identification at Ghizen site by periods. 

 

 

 

 

 

TAXA Punic period Roman period Total 

Bos Taurus (cattle) 43 0 43 

Ovis aries 

(sheep)/Capra hircus 

(goat) 

46 33 79 

Ovis aries (sheep) 14 20 34 

Capra hircus (goat) 10 4 14 

Sus domesticus (pig) 3 6 9 

Equus sp.(equid) 1 1 2 

Canis familiaris (dog) 1 0 1 

Oryctolagus 

cuniculus (rabbit) 
0 1 1 

Large mammals 19 6 25 

Medium mammals 31 67 98 

Small mammals 1 5 6 

Unidentified 200 236 436 

Aves (birds) 1 2 3 

Osteichthyes (fishes) 13 5 18 

Mollusca (mollusks) 73 84 157 

Herpetiles 

(amphibians + 

reptiles) 

0 1 1 

Crustacean 1 0 2 

NISP 118 65 183 

NR 457 472 929 
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Taxonomical representation 

Taxonomic identification shows the presence of domestic species, mainly cattle, 

sheep/goat and pigs. Horse, dog and rabbit are present but very rare. Remains of birds, 

amphibians, mollusks and fish are counted but not determined (Table 1).  

A total of 457 faunal remains were recovered from the Punic levels. We recorded the 

presence of cattle, sheep, goat and pig. Equid and dog are present but very rare (one 

element for each taxon). The faunal spectrum also contains birds, fish and molluscs. A 

total of 118 elements were attributed as identified species. 19 remains were large 

mammals, 31 elements are medium-sized mammals, and just one was a small mammal. 

Almost 200 remains are unidentified.  

A total of 472 faunal remains were recovered from the Roman levels. 65 elements were 

attributed as identified species. 6 remains were considered to be large mammals, 67 

medium-sized mammals and 5 small mammals. During the Roman period, we 

documented the omnipresence of sheep, goat and pig. Equid and rabbit were present, 

but there was just one element for each species. Birds, fishes and mollusks were also 

present in the assemblage. One amphibian element (frog) was recorded. 

 

Body part representation 

The body part representation documented in the assemblage shows that during the Punic 

period, almost all portions of the skeleton were present for cattle and caprines, with the 

meat-rich upper-limb elements and trunk more represented than the head (Figure 4). We 

also recorded a high frequency of caprine foot remains. At the same time, pig remains 

were limited to phalanges. Caprine representation did not substantially vary for the 

Roman period, and all portions of the skeleton were present. Nevertheless, the trunk 

was less represented than in the previous period, and there was a high representation of 

tibias. Pig remains were limited to phalanges and mandibles, and cattle remains were 

absent. 
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Figure 4: Body part representation of cattle, caprines and pig by periods at Ghizen. 

 

 

Age-at-death 

At Ghizen, the calculation of the minimum number of individuals (MNI) for the Punic 

period shows the presence of 1 adult goat, 1 juvenile sheep and 1 adult sheep. Cattle 

were present with 3 individuals (1 juvenile and 2 adult) and only 1 adult pig was 

documented (Table 2). In contrast, the calculation of MNI for the Roman period shows 

the presence of 1 juvenile goat, 1 adult goat, 1 juvenile sheep, 2 adult sheep, and 1 

juvenile pig (Table 2). 
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Elements/Taxa Punic period Roman period 

Age at fusion 

Cattle Unfused Fused Unfused Fused 

Radius, p 
- - - - 

12-15 months 

Humerus, d - - - - 15-20 months 

Phalanx I - - - - 20-24 months 

Tibia, d - 1 - - 24-30 months 

Metapodial, d - 1 - - 24-30 months 

Femur, p - 1 - - 36-42 months 

Humerus, p - - - - 42-48 months 

Radius, d - - - - 42-48 months 

Ulna, p - - - - 42-48months 

Femur, d - - - - 42-48 months 

Tibia, p - - - - 42-48 months 

Sheep/Goat Unfused Fused Unfused Fused Age at fusion 

Humerus, d - 2 - 3 3-4 months 

Radius, p - - - - 3-4 months 

Phalanx I - 1 1 1 7-10 months 

Tibia, d 1 - - 3 15-20 months 

Metapodial, d 1 - - - 20-24 months 

Femur, p - - - - 36-42 months 

Humerus, p - - - - 42 months 

Radius, d - - - - 42 months 

Ulna, p - - 1 - 42 months 

Femur, d - - - 1 42 months 

Tibia, p - - - - 42 months 

Pig Unfused Fused Unfused Fused Age at fusion 

Humerus, d - - - - 12 months 

Radius, p - - - - 12 months 

Phalanx I - 1 1 - 12 months 

Tibia, d - - - - 24 months 

Metapodial, d - - - - 24 months 

Ulna, p - - - - 36-42 months 

Femur, p - - - - 36-42 months 

Hemrus, p - - - - 42 months 

Radius, d - - - - 42 months 

Femur, d - - - - 42 months 

Tibia, p - - - - 42 months 

 

Table 2: Fusion and age-at-death estimation at Ghizen site by periods. 
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Anthropic marks 

Almost all bones were broken by the excavation work. We documented some cut and 

chop marks on the surface of bones from unidentified remains which also had traces of 

burning. Two large-mammal remains and 14 unidentified bones were burnt. Also, 2 cut 

marks were recorded on the surface of young cattle vertebra and 5 sheep/goat remains 

were burnt (Table 3). 

 

Taxon 

Ghizen site 

Punic period Roman period 

Cut Chop Burnt Cut Chop Burnt 

Cattle 2 - - - - - 

Sheep/goat - - 5 - - - 

Pig - - - - - - 

Total 2 - 5 - - - 

 

Table 3: Anthropic marks at Ghizen site by periods. 
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Board 1: 1) Astragalus and metapodial of sheep/goat burnt (US 180112; Punic period); 2) Phalanx II of 

sheep/goat burnt (US 180112; Punic period); 3) Vertebra of cattle showing cut marks (US 180183; Punic 

period). 
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3.2. Zama 

A total of 3,954 faunal remains were recovered from the pre-Roman and Roman levels 

at the site in Zama. Of these, 2,521 were identified and attributed to species. 250 

remains were large mammals, 463 were medium-sized mammals, and only 8 were small 

mammals. 657 remains were unidentified, 46 were birds, 6 were mollusks and 3 were 

herptiles. 

 

Table 4: Taxonomic identification at Zama by periods. 

TAXA Iron age Roman period Total 

Bos taurus (cattle) 350 486 836 

Ovis aries (sheep)/Capra hircus 
(goat) 

510 547 1057 

Ovis aries (sheep) 140 217 357 

Capra hircus (goat) 23 90 113 

Sus domesticus (pig) 1 105 106 

Equus sp.(equid) 2 6 8 

Camelus (camel) 2 3 5 

Canis familiaris (dog) 22 14 63 

Felis catus (chat) - 1 1 

Deer (cervid) - 2 2 

Large mammals 60 190 250 

Medium mammals 205 258 463 

Small mammals 1 7 8 

Unidentified 345 312 657 

Aves (birds) 21 25 46 

Osteichthyes (fishes) - - - 

Mollusca (mollusks) - 6 6 

Herpetiles (amphibians + 
reptiles) 

- 3 3 

NISP 1050 1471 2521 

NR 1682 2272 3954 
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Body part representation 

The body part representation documented in the assemblage at Zama shows that during 

the Iron Age almost all the skeleton was present for cattle and caprines, with the meat-

rich upper-limb elements and trunk better represented than the head (Figure 5). We also 

recorded frequent cattle and caprine food elements. On the other hand only one pig 

remain was recorded. During the Roman period, we also documented practically all the 

body parts of the skeleton for cattle and caprines, with the meat-rich upper-limb 

elements and trunk better represented than the head. High frequencies of distal limb 

elements of cattle and caprines were also recorded. Likewise, almost all the portions of 

the pig skeleton were present, with the meat-rich upper-limb elements and head better 

represented than the trunk. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Body part representation of cattle, caprines and pig by periods at Zama. 

 

Age-at-death 

The calculation the Minimum Number of Individuals (MNI) shows the presence of 1 

juvenile goat, 1 adult goat, 1 juvenile sheep, and 2 adult sheep during the Iron Age 

(Table 5). Cattle were present with 10 individuals (4 juveniles and 6 adults) and one pig 

was documented.  
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Table 5: Fusion and age-at-death estimation at Zama site by periods. 

Elements/Taxa Iron Age Roman period 

Age at fusion 

Cattle Unfused Fused Unfused Fused 

Radius, p - 1 - - 12-15 months 

Humerus, d - 1 - - 15-20 months 

Phalanx I 2 8 - - 20-24 months 

Tibia, d - 2 - - 24-30 months 

Metapodial, d - 5 - - 24-30 months 

Femur, p - - - - 36-42 months 

Humerus, p 1 - - 1 42-48 months 

Radius, d 1 5 - - 42-48 months 

Ulna, p 1 - - - 42-48months 

Femur, d - - - - 42-48 months 

Tibia, p 1 - 1 - 42-48 months 

Sheep/Goat Unfused Fused Unfused Fused Age at fusion 

Humerus, d - 5 3 12 3-4 months 

Radius, p - - - 2 3-4 months 

Phalanx I - 1 - - 7-10 months 

Tibia, d 1 4 - 1 15-20 months 

Metapodial, d - - - - 20-24 months 

Femur, p 5 - - 1 36-42 months 

Humerus, p 1 - - 1 42 months 

Radius, d - 2 - - 42 months 

Ulna, p - 1 - 2 42 months 

Femur, d 2 - - 2 42 months 

Tibia, p 1 - - - 42 months 

Pig Unfused Fused Unfused Fused Age at fusion 

Humerus, d - - - 1 12 months 

Radius, p - - - - 12 months 

Phalanx I - - - - 12 months 

Tibia, d - - - - 24 months 

Metapodial, d - - 2 - 24 months 

Ulna, p - - 1 - 36-42 months 

Femur, p - - - - 36-42 months 

Hemrus, p - - - - 42 months 

Radius, d - - - - 42 months 

Femur, d - - - - 42 months 

Tibia, p - - 1 - 42 months 
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During the Roman period, the calculation of (MNI) shows the presence of 1 juvenile of 

goat, 1 adult of goat, 4 juveniles of sheep, and 8 adults of sheep. Cattle were present 

with 7 individuals (2 juveniles, 5 adults). Pig was present with 3 individuals (2 juveniles 

and 1 adult) (Table 5). 

 

Anthropic marks 

We documented many anthropic marks (Table 6). During the Iron Age, 1 cut mark, 14 

chop marks, and 16 burnt elements were recorded. During the Roman period, we 

recovered many remains with anthropic modifications: 39 cut marks, 15 chop marks, 

and 18 burnt remains were recorded (Table 6). 

 

Table 6: Anthropic marks at Zama site by periods. 

 

 

 

 

 

 

 

 

Zama site 

Taxon 

Iron Age Roman period 

Cut Chop Burnt cut Chop Burnt 

Cattle - 11 14 21 11 10 

Sheep/goat 1 3 2 12 4 8 

Pig - - - 6 - - 

Total 1 14 16 39 15 18 
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Board 2: 1) Atlas, radius, femur of cattle burnt (US 068; Roman period); 2) Chop marks on the surface 

cattle calcaneum (US 5080; Roman period); 3) Cut marks on the surface of sheep metatarsal (US 5080; 

Roman period). 
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CHAPTER 4: ROMANIZATION AND ANIMAL HUSBANDRY 

4.1. ROMANIZATION AND ANIMAL HUSBANDRY IN TUNISIA: 

DEMAND FOR WOOL? 
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CHAPTER 5: ROMANIZATION AND ANIMAL TRADE 

5.1. THE ROMAN INTRODUCTION AND EXPORTATION OF ANIMALS 

INTO TUNISIA: LINKING ARCHAEOZOOLOGY WITH TEXTUAL AND 

ICONOGRAPHIC EVIDENCE 
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CHAPTER 6: ROMANIZATION AND MEAT DIET 

6.1. ROMAN TUNISIAN DIETARY PATTERNS AS A FEATURE 

OF ROMANITAS: AN ARCHAEOZOOLOGICAL APPROACH 
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7. CONCLUSIONS 

The present study has documented the changes (and the reasons for these changes) that 

were produced in animal husbandry, diet and the animal trade in Tunisia before and 

after the Roman conquest. The sites of Ghizen and Zama, and their comparison with 

other available data, had allowed to study this area of the Western Mediterranean and to 

locate Tunisia on the map of the Roman Empire in terms of animal exploitation. 

 

7.1. Animal husbandry 

Wool was in high demand in Roman times. In fact, wool dominated the textile market 

during the Republican and Early Imperial times and was the major textile fiber of the 

Roman Empire. Therefore, we propose that this demand is one of the reasons for the 

increase in sheep pastoralism in Tunisia at this time. We have demonstrated that caprine 

increase should be related with economic factors and not only with changes in the 

environmental conditions of the area, as previously suggested. 

Another change was in pig production. Pigs were not central to husbandry practices 

during the Punic period, probably because of the dietary cultural tradition of the 

Phoenician-Punic community of Semitic origin, which considered pig impure. 

However, during the Roman period, the economic importance of the animal increased 

and became a meat producer. We have proposed that this change must be related not 

only with dietary habits (adoption of new consumption habits) but also with practical 

reasons (an increase in the consumer population). 

We suggest that these changes are related to the Roman conquest, as the changes 

documented in animal husbandry in this study are the same changes documented in 

other areas of the Mediterranean basin under Roman control: animal husbandry became 

more specialized and there was an increased demand for wool. 

 

7.2. Animal trade 

North Africa, and specifically Tunisia, played a major role as a place of trade. We have 

demonstrated that the Romans were responsible for introducing several animals into 

Tunisia. We have documented the introduction of commensal animals (black rat, house 
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mouse) and wild and domestic animals (fallow deer and hare, and rabbit and cat). The 

introduction of commensal animals such as the black rat and the house mouse must 

have been accidental, whereas the deliberate introduction of the other animals, which 

were brought to North Africa for specific purposes, indicates their economic and social 

importance. In this paper, we have demonstrated that most of the animals introduced 

deliberately (fallow deer, rabbit and hare) were related to hunting activities. The 

translocation of these animals therefore shows the importance of this activity as a 

symbol of social status for the population living in North Africa who acquired a Roman 

lifestyle. At the same time, it shows another cultural connection between Tunisia and 

Italy.  

The Romans also played a fundamental role in the exportation of wild animals even 

though they were rarely found in Tunisian archaeological sites. North Africa, and more 

specifically Tunisia, was a platform for exporting and trading wild beasts to other 

Roman territories. 

Therefore, we have demonstrated that animals were another commodity traded in North 

African ports. Animal trade was an important economic activity for Tunisia, not only 

for the exportation of wild beasts but also for the importation of wild and domestic 

animals.   

 

7.3. Meat diet 

The study performed on meat patterns indicates that the Roman occupation of Tunisia 

led to some changes in the dietary habits of the pre-Roman populations. We have 

documented that the meat consumed was generally from four species (cattle, sheep, goat 

and pig). In addition to these preponderant taxa, which make up a large part of the meat 

diet, we observe the presence of birds, fishes and mollusks, especially during the 

Roman period. Therefore, the diet was rich and varied, although hunting would have 

had little importance in the supply of meat and meat products. 

A general comparison between the pre-Roman and Roman data shows a consistency in 

diet over time because caprines are the most commonly consumed domestic animals in 

terms of NISP in these two periods. However, the changes in kill-off-patterns reveal that 

livestock exploitation was more specialized than in the previous period and that this 

UNIVERSITAT ROVIRA I VIRGILI 
CHANGES IN ANIMAL HUSBANDRY, DIET AND ANIMAL TRADE IN TUNISIA FROM THE IRON AGE TO THE ROMAN PERIOD: 
AN ARCHAEOZOOLOGICAL APPROACH 
Mohamed Azaza 
 



 

84 

must have been linked to changes in diet and the pig becoming the primary meat 

producer. 

We propose that the continuity of pre-Roman dietary patterns in some settlements and 

not in others is related to a variety of factors and not only to the extent of the Roman 

influence in the territory. Taking into account that meat was fundamentally consumed 

from adult individuals (with the exception of pigs), we propose that the animal 

husbandry practiced in each settlement (or territory) was key to the meat diet. So, the 

meat dietary pattern documented in Tunisia during the Roman period was influenced 

not only by cultural factors, but also by economic and maybe environmental constraints, 

all of which were interconnected. 
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Annex: Index of Biometry (Zama site) 

Measurements are in mm. Code belong to Von den Driesch (1976) 

In the Tables, Bota= cattle; OC= caprine; Ovis= sheep; Capra= goat; Sus=pig 

 

Iron Age 

Scapula 

US Square Specie Chrono GLP LG BG SLC 

6106 X2 OVIS Pre-Rom 30,9 24,6 23,5 22,5 

6106 X2 OC Pre-Rom    18,7 

6106 X2 OC Pre-Rom    12,4 

404 X2 OVIS Pre-Rom    20,6 

6139 X2 OVIS Pre-Rom 31,1 25,7  22,1 

6139 X2 OVIS Pre-Rom 29,8 26,8   

6102 X2 OVIS Pre-Rom    16,4 

6102 X2 OVIS Pre-Rom 32,4 28,9 21,1 18,8 

6102 X2 OVIS Pre-Rom 26,8 24,3 19,1 16,6 
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Humerus 

 

Radius 

US Square Specie Chrono GL Bp Dp SD DD Bd Dd 

404 X2 BOTA Pre-Rom     41,1 76,7 44,3 

404 X2 OC Pre-Rom    18,5    

404 X2 OC Pre-Rom    15,1    

6139 X2 OC Pre-Rom    17    

6139 X2 CAPRA Pre-Rom  32,2 16,5     

6139 X2 CAFA Pre-Rom 83,1 6,1 5,2 5 2,5 11,1 5,5 

5057 X2 BOTA Pre-Rom  61 36,3  28,1   

5057 X2 OVIS Pre-Rom  34,7 19  12,9   

6114 X2 EQUUS Pre-Rom      73,9 45,1 

6102 X2 BOTA Pre-Rom     29 62,6 36,6 

5109 X2 OC Pre-Rom    19,7    

 

 

US Square Specie Chrono GL GLp Bp Dp SD Bd Dd HTC BT 

6106 X2 BOTA Pre-Rom     37,4     

404 X2 BOTA Pre-Rom      68,5 35,5  64,9 

404 X2 OC Pre-Rom     17,3  19,1   

404 X2 OC Pre-Rom       15,8   

6139 X2 OC Pre-Rom      28,6 25,4   

6107 X2 BOTA Pre-Rom   73,4 66,8     66,3 

5057 X2 OVIS Pre-Rom      33,9 29   

5057 X2 OVIS Pre-Rom      34,5 29,8   

6114 X2 OC Pre-Rom      29,3 23,1   

6114 X2 BOTA Pre-Rom      76,8 48   

5109 X2 CAPRA Pre-Rom     17,1 31,8 26,4  30,1 

5109 X2 CAPRA Pre-Rom      28,5 24  27,8 

5109 X2 OVIS Pre-Rom      31,2 24  29,5 
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Tibia 

 

 

 

Calcaneum 

US Square Specie Chrono GL GB 

7116 17 BOTA Pre-Rom  41,7 

6114 X2 BOTA Pre-Rom  35,7 

6114 X2 BOTA Pre-Rom 109,8 30,3 

6139 X2 BOTA Pre-Rom 119,1 35,5 

 

 

 

 

 

 

 

 

US Square Specie Chrono GL Bp Dp SD Bd Dd 

6106 X2 OC Pre-Rom  33,1 33,7 14,8   

6106 X2 OC Pre-Rom    12,3   

6106 X2 OC Pre-Rom    12,7   

6106 X2 OC Pre-Rom    12,4   

404 X2 BOTA Pre-Rom    32,9   

404 X2 OC Pre-Rom    17,5   

6105 X2 OVIS Pre-Rom     24,7 19,8 

6105 X2 OC Pre-Rom  23,2 19,5 9,8   

5057 X2 BOTA Pre-Rom     62,7 48 

5057 X2 BOTA Pre-Rom     59,7 42,2 

6114 X2 OC Pre-Rom    15,4 25,5 17,8 

6114 X2 OC Pre-Rom    13 22,4 17,6 

6114 X2 OC Pre-Rom  30,6 22,7 10,4 21,2 15,9 

6114 X2 OC Pre-Rom    15   

6114 X2 OC Pre-Rom    12,7   

6114 X2 OC Pre-Rom    12,1   
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Metacarpal 

 

 

Metatarsal 

US Square Specie Chrono GL Bp Dp SD DD 

6106 X2 BOTA Pre-Rom  49,3  26,6  

404 X2 BOTA Pre-Rom  42,3 41,1  24 

404 X2 BOTA Pre-Rom  51,9 42,6 30,4  

5057 X2 BOTA Pre-Rom  53,3 52,9   

6139 X2 BOTA Pre-Rom  49,8 29,3  20,8 

 

 

 

US Square Specie Chrono GL Bp Dp SD DD Bd Dd 

6106 X2 OVIS Pre-Rom 120,2 24,6 16,4 12,6 8,7 25,9 16,3 

6106 X2 OC Pre-Rom    13,9    

6106 X2 BOTA Pre-Rom     21,1 61,1 28,1 

404 X2 BOTA Pre-Rom    32 23,2   

6105 X2 OC Pre-Rom  24,2 17,9     

6139 X2 BOTA Pre-Rom    28 23,8 55,8 34 

6107 X2 BOTA Pre-Rom  60,3 37,3     

6107 X2 BOTA Pre-Rom    24,6 22 49,6 26,6 

5204 X2 BOTA Pre-Rom     20,1 63,1 31 

7108 17 OVIS Pre-Rom 121,9 22,5 16 15,8 10,7 28,2 15,3 

7116 17 OVIS Pre-Rom 113 21,9 16,1 13,8 9  14 

7116 17 OC Pre-Rom  21,4 15,8 10,8    

6114 X2 BOTA Pre-Rom 177,8 56,5 35,1 31 21 58,7 29,3 

6114 X2 BOTA Pre-Rom  50,7 32     

6114 X2 BOTA Pre-Rom     26,2 56,2 31,4 

6114 X2 BOTA Pre-Rom      63,2 28,5 

6102 X2 BOTA Pre-Rom  49,5 30,8 34,6 21,8 53,9 28 

5019 X2 BOTA Pre-Rom  52,9 31,9 27,5    

5019 X2 BOTA Pre-Rom     28,6 59,6 30,3 
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Roman period 

 

Scapula 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

US Specie Chrono GLP LG BG SLC 

5018 CAPRA 2-3 AD 35,2 24 
  

5010 OVIS 2-3 AD 34,3 31 
  

5004 BOTA 2-3 AD 58,2 
 

47,8 
 

5083 OVIS 2-3 AD 34,9 25,6 23,7 
 

5083 OVIS 2-3 AD 31,5 26 21 17,5 

5083 OVIS 2-3 AD 32,1 22,7 21,5 17,7 

5083 OC 2-3 AD 
   

17,7 

5062 OC 2-3 AD 
   

15,7 

5062 OVIS 2-3 AD 31,6 26,8 22,3 21,8 

5062 SUS 2-3 AD 
 

13,6 9,5 10 

5043 BOTA 2-3 AD 
 

72,7 62,4 56,7 

5043 OVIS 2-3 AD 
 

27,1 23,4 19,2 

5024 OVIS 2-3 AD 35,9 26,2 
 

21,6 

5019 OVIS 2-3 AD 26,3 23 
 

18 

5032 OVIS 2-3 AD 28,2 23,6 
 

19,9 

5054 BOTA 2-3 AD 
 

76,5 51 55,7 
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Humerus 

US Specie Chrono GL GLp Bp Dp SD Bd Dd HTC BT 

5018 CAPRA 2-3 AD 
        

30 

5018 OVIS 2-3 AD 
     

34 
   

5018 BOTA 2-3 AD 
        

61,4 

5083 OVIS 2-3 AD 
     

32,4 
  

29,1 

5083 OVIS 2-3 AD 
     

33,5 
  

31,3 

5083 OC 2-3 AD 
     

29,6 
   

5083 OVIS 2-3 AD 
     

31,2 27,2 
 

30,6 

5083 OC 2-3 AD 
    

13,7 
    

5083 BOTA 2-3 AD 
     

66,1 
   

5067 BOTA 2-3 AD 
     

78,7 54,2 
 

72,1 

5067 BOTA 2-3 AD 
    

42,9 
    

5067 OVIS 2-3 AD 
    

14,8 30,8 26,9 
 

29,2 

5067 CAPRA 2-3 AD 
     

29,8 21,1 
 

28,7 

5067 OC 2-3 AD 
    

12,2 
    

5067 BOTA 2-3 AD 
     

64,2 63,5 
  

5067 OVIS 2-3 AD 
     

26,5 25 
 

26,3 

5067 OVIS 2-3 AD 
     

28 23,7 
 

27,3 

5067 OVIS 2-3 AD 
     

31,9 21,7 
 

30,4 

5062 OC 2-3 AD 
    

16 
    

5062 OC 2-3 AD 
  

26,1 47,9 14,8 
    

5062 OC 2-3 AD 
  

29,3 40,7 
     

5062 AVIS 2-3 AD 78,8 
 

23,1 
  

16 
   

5062 AVIS 2-3 AD 79 
 

23,2 
  

15,6 
   

5043 OVIS 2-3 AD 
     

29,4 25,1 
  

5043 SUS 2-3 AD 
     

37,5 29,8 
  

5084 BOTA 2-3 AD 198,6 
 

50,8 79,3 33,1 78 71,1 
  

5080 OVIS 2-3 AD 
     

34 30,5 
 

33,2 

5080 OC 2-3 AD 
     

28,6 22,6 
 

27,6 

5080 OC 2-3 AD 
    

13,6 
    

5080 OC 2-3 AD 
    

13 
    

5089 BOTA 2-3 AD 
  

63 81,1 
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5089 OC 2-3 AD 
    

12 
    

5092 OC 2-3 AD 
  

30,5 20 
     

5057 CAPRA 2-3 AD 
  

32 28,7 
     

5024 CANIS 2-3 AD 
    

13,4 36,2 25,8 
  

5032 CAPRA 2-3 AD 
    

20,2 34 27,8 
  

5018 SUS 2-3 AD 
     

32,6 33,7 
  

5037 BOTA 2-3 AD 
     

79,6 51,6 
 

77 

5016 BOTA 2-3 AD 
     

82,6 52,6 
 

74,9 

5016 OC 2-3 AD 
     

29,3 19,5 
 

26,8 

5036 OVIS 2-3 AD 
     

27,6 25,4 
 

27,1 
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Radius 

US Specie Chrono GL Bp Dp SD DD Bd Dd 

5018 OVIS 2-3 AD 189,8 
      

5018 O/C 2-3 AD 
 

36,1 
     

5083 OC 2-3 AD 
   

13,6 
   

5083 OVIS 2-3 AD 
 

31,5 15,4 
    

5083 BOTA 2-3 AD 
     

74,9 38,5 

5067 BOTA 2-3 AD 
     

64,9 40,5 

5067 BOTA 2-3 AD 
    

26,9 52,1 42,7 

5067 OC 2-3 AD 
   

15,5 
   

5067 OC 2-3 AD 
   

17,2 
 

26,8 19,3 

5067 OC 2-3 AD 
    

11,7 28,3 19,6 

5062 OC 2-3 AD 
    

12,4 24,1 18,3 

5062 OC 2-3 AD 
    

13,9 26,4 19,8 

5043 OVIS 2-3 AD 
 

34,2 17,4 20,6 16 
  

5043 OC 2-3 AD 
    

12,9 28,1 19,3 

5043 OC 2-3 AD 
   

20 
   

5084 BOTA 2-3 AD 
 

79,2 36,7 42,5 26,7 66 39,5 

5084 OVIS 2-3 AD 
 

32 15,9 16,6 
   

5084 OC 2-3 AD 
   

15,7 
   

5089 OVIS 2-3 AD 
 

31 16 16,3 
   

5089 OC 2-3 AD 
 

25,9 15,3 14,2 
   

5089 BOTA 2-3 AD 
 

86,2 45,9 
    

5089 BOTA 2-3 AD 
     

76,6 43 

5085 OVIS 2-3 AD 
   

15,1 12,3 30,4 22 

5024 OVIS 2-3 AD 155 30,7 16,5 16,5 12,6 29,5 19 

68 BOTA 2-3 AD 
    

28,4 59 39,1 
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Femur 

US Specie Chrono GL GLp Bp DC SD Bd Dd 

5083 OVIS 2-3 AD 
    

15 35,5 27,6 

5083 OC 2-3 AD 
    

15,4 
  

5083 BOTA 2-3 AD 
  

88,7 
 

37,9 
  

5067 BOTA 2-3 AD 279,6 
 

92,7 
 

32,4 76,4 
 

5067 BOTA 2-3 AD 
    

29 
  

5062 OC 2-3 AD 124,3 
 

23,7 
 

12 22 21,8 

5062 OC 2-3 AD 
     

31,8 39 

5062 OC 2-3 AD 110 
 

24,8 
  

21,8 24,8 

5062 OC 2-3 AD 96,9 
 

26,2 
 

9,1 19,6 20,5 

5062 AVIS 2-3 AD 90 
 

16,8 
  

15,2 
 

5080 CANIS 2-3 AD 
  

30,8 
 

10 
  

5089 OC 2-3 AD 104,3 
 

25,7 
  

17,3 23,4 

5085 CANIS 2-3 AD 
  

31,1 
 

11,3 
  

5032 CANIS 2-3 AD 
  

43 22,2 
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Tibia 

US Specie Chrono GL Bp Dp SD Bd Dd 

5083 OC 2-3 AD 
 

34,9 26,5 12,1 
  

5083 OC 2-3 AD 
   

11,8 
  

5083 OVIS 2-3 AD 
   

13,7 25,6 17,5 

5083 OVIS 2-3 AD 
    

30,4 23,5 

5067 OC 2-3 AD 
   

13,2 
  

5067 OC 2-3 AD 
   

9,9 
  

5067 OC 2-3 AD 
   

13,7 25,9 18,7 

5067 BOTA 2-3 AD 
    

56,9 40,8 

5067 BOTA 2-3 AD 
    

56,6 38,6 

5062 OVIS 2-3 AD 
    

29 20,6 

5062 OC 2-3 AD 
   

14,1 
  

5062 OVIS 2-3 AD 185,6 32,5 26,7 13,7 23,4 17,4 

5062 SUS 2-3 AD 138,2 33,1 28,2 16,3 22 20,5 

5084 BOTA 2-3 AD 
    

90,5 48,1 

5084 BOTA 2-3 AD 
    

50,3 33,5 

5084 BOTA 2-3 AD 
    

52,3 36,5 

5089 BOTA 2-3 AD 
   

30,1 53,6 41,8 

5089 OC 2-3 AD 
 

37,1 34,9 16,9 
  

5089 OC 2-3 AD 
   

12,6 
  

5019 CANIS 2-3 AD 
   

14,3 
  

5019 OC 2-3 AD 
 

34,4 31,6 
   

5018 OC 2-3 AD 
   

14,5 26,5 20 

5016 OC 2-3 AD 
 

51,9 36,8 18,9 35,7 23 
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Calcaneum 

US Specie Chrono GL GB 

5083 OVIS 2-3 AD 57,8 18,5 

5067 OVIS 2-3 AD 43,6 15 

5067 OVIS 2-3 AD 43,5 15,8 

5067 BOTA 2-3 AD 111,5 36,1 

5062 OVIS 2-3 AD 52,4 18,8 

5062 OVIS 2-3 AD 46,2 17,7 

5062 OVIS 2-3 AD 51,3 18,7 

5062 BOTA 2-3 AD 106,4 36,4 

5043 OVIS 2-3 AD 54,2 18,6 

5080 BOTA 2-3 AD 
 

35,4 

5089 BOTA 2-3 AD 
 

38 

5019 SUS 2-3 AD 67,1 19,1 

5054 BOTA 2-3 AD 133,5 39,6 
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Metacarpal 

US Specie Chrono GL Bp Dp SD DD Bd Dd 

5004 BOTA 2-3 AD 154,4 55,9 
     

5067 BOTA 2-3 AD 
 

59,9 
   

61,9 
 

5083 OVIS 2-3 AD 
 

23,5 16,3 14,1 10,1 29,6 
 

5083 OVIS 2-3 AD 
 

23,2 16,2 13,7 
   

5083 OVIS 2-3 AD 
    

10,6 26,9 15,4 

5083 BOTA 2-3 AD 191,7 62,3 38,5 33,2 22,4 68,2 30,5 

5067 BOTA 2-3 AD 
    

18,5 49,1 26,4 

5067 EQUUS 2-3 AD 242,4 50,7 36,2 34,1 25 48,1 37,6 

5067 AVIS 2-3 AD 82,4 12,3 
 

6,1 
 

13,3 
 

5062 BOTA 2-3 AD 
 

52,1 32,8 30,8 
   

5062 OVIS 2-3 AD 
 

24,3 17,5 15 11,3 29,9 17,8 

5062 OVIS 2-3 AD 
 

24,1 17,5 11,5 8,9 24,4 14,5 

5062 OVIS 2-3 AD 
 

20,3 14,6 12,3 8,8 24,8 13,3 

5043 BOTA 2-3 AD 
    

21 62,9 30,4 

5084 BOTA 2-3 AD 
 

54,7 32,9 
    

5084 OVIS 2-3 AD 
 

24,6 18,6 13,2 
   

5021 BOTA 2-3 AD 
    

23 56,4 28,7 

5019 EQUUS 2-3 AD 191,3 38 26,5 25,1 17 
 

25,1 

5018 OVIS 2-3 AD 
 

23,8 17 16 12,1 31,2 17 

5037 BOTA 2-3 AD 
     

54,5 27 

5054 OC 2-3 AD 
     

24,7 18,3 
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Metatarsal 

US Specie Chrono GL Bp Dp SD DD Bd Dd 

5083 OVIS 2-3 AD 125,1 21,8 21,3 13,1 10,9 26,2 
 

5083 OVIS 2-3 AD 
 

22,3 21,8 10,7 9,2 24,6 
 

5083 OVIS 2-3 AD 
 

21,4 20,9 11,8 11,3 25,7 
 

5083 OVIS 2-3 AD 
 

22 21,3 11,4 10,9 
  

5083 OC 2-3 AD 
   

10,9 
   

5083 BOTA 2-3 AD 
 

41,8 40,7 25,6 
   

5083 BOTA 2-3 AD 
    

24,5 55 28,8 

5083 BOTA 2-3 AD 
    

24,6 49,5 28,4 

5083 BOTA 2-3 AD 
 

41 32,1 21,4 
   

5062 BOTA 2-3 AD 
   

25,3 21,9 55,2 25,2 

5062 BOTA 2-3 AD 
 

34,9 32,3 18,8 19,5 42,6 25 

5062 BOTA 2-3 AD 
   

24 23,4 48 26,8 

5062 AVIS 2-3 AD 89,2 14,4 
   

13,5 
 

5062 AVIS 2-3 AD 86,4 
    

13,4 
 

5043 OVIS 2-3 AD 144,7 22 22,8 11,8 11,6 26,4 17 

5043 OVIS 2-3 AD 
 

22,2 22 12 10,8 
  

5084 BOTA 2-3 AD 
    

22,4 46 26 

5080 OVIS 2-3 AD 
 

19,8 18,8 11 
   

5089 BOTA 2-3 AD 
 

43,1 41,6 21,7 
   

5089 BOTA 2-3 AD 
    

23 46,1 29,2 

5089 OVIS 2-3 AD 
 

23,3 24,1 13 10,8 24,6 15,7 

5045 BOTA 2-3 AD 188,1 46,7 43 28,6 25,2 
 

28,7 

5006 BOTA 2-3 AD 
 

47,7 46,1 30,6 
   

5054 OVIS 2-3 AD 
 

20,3 20,1 14 
   

5071 BOTA 2-3 AD 
 

56,5 51,3 35 
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Astragalus 

US Specie Chrono GLI GLm GB GH 

5004 BOTA 2-3 AD 59,2 53,3 
  

5018 CAPRA 2-3 AD 32,6 30,9 
  

5018 CAPRA 2-3 AD 30,1 27,7 
  

5018 CAPRA 2-3 AD 30,7 28,4 
  

5018 CAPRA 2-3 AD 32,4 29,3 
  

5018 CAPRA 2-3 AD 30,1 28,2 
  

5018 CAPRA 2-3 AD 31,3 30,4 
  

5018 CAPRA 2-3 AD 31,1 30,9 
  

5083 BOTA 2-3 AD 54,2 
   

5067 BOTA 2-3 AD 64,3 60,8 35,9 29,3 

5067 OVIS 2-3 AD 30,3 27,9 19,7 16,5 

5062 SUS 2-3 AD 38,8 35,9 23,4 23,6 

5062 OVIS 2-3 AD 29,3 27,7 19,1 21,4 

5092 OVIS 2-3 AD 32 29,2 
  

5024 OVIS 2-3 AD 27,9 26,1 
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