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2. The animal bone analysis of the Rosenstraße excavation 
 
The following chapter focuses on the hand collected bone material (n 5,975) from the excavation 
Rosenstraße. This excavation attested mostly typical three-aisled farmhouses and the earlier 
occupation layers contained layers of dung (see chapter 1 for details). The excavator identified eight 
occupation layers numbered 2, 2a, 3, 3a, 4, 5, 6, and 7 which cover a time period from the mid 9th to 
the 15th centuries AD. The dating of these layers is mainly based upon an imported and local 
ceramic typology (Figure  2-1). 
 

Chronology Rosenstraße based on STILKE (1995 21, 33) 

Occupation 
Layer 

Artificial 
Layer 

Depth 
(OD) 

Dendro Date Coin Date 
Import 

Ceramics 
Local 

Ceramics 
Occupation Phase 

(century AD) 
 B1 +5.20     
 C +5.00   c. 1400  

early 15th 

D +4.80 1354±6    
E +4.50     
F +4.20    c. 1300 

7 

G +3.90   c. 1300  

14th 

H +3.70     
6 

J +3.40   c. 1250  
2nd half 13th 

K +3.10     
5 

L +2.80     
1st half 13th 

M +2.50     
4 

N +2.20   c. 1100  
12th 

O +1.90     
3a 

- -     
11th 

P +1.60   c. 1000 c. 1000 
3 

Q +1.30     
late 10th/early 11th 

2a R +1.00     10th 
2 S +0.70  900-911 c. 900  mid 9th/early 10th 

Figure  2-1 Dating of the occupation layers of the excavation Rosenstraße. 

 
After the analysis of the Rosenstraße material, chapter 3 focuses on the animal bone material from 
the Schulstraße. In chapter 4 the results from the Kirchstraße are discussed and chapter 5 
summarises the results of these three analyses. As only a few instances of pathologically changed 
bones or worked bones were seen in the assemblages, they are also discussed in chapter 5. Chapter 
6 integrates the results from Emden into a broader view of medieval animal keeping in the area. 
Details of methodologies used can be found in chapter 1. 
 

2 2a 3 3a 4 5 6 7 
Occupation 

Layer 
n % n % n % n % n % n % n % n % 

identifiable 
remains 

256 100 344 99.7 705 100 350 100 940 100 1097 99.3 958 99 1149 98.5 

unidentifiable 
remains 

  1 0.3       8 0.7 9 1 17 1.5 

Total 256 100 345 100.0 705 100 350 100 940 100 1105 100.0 967 100.0 1166 100.0 

Figure  2-2 Identifiable and unidentifiable remains per occupation layer. 

 
2.1 Relative frequencies of the species 
 
The identifiable and unidentifiable remains per occupation layer are listed in Figure  2-2. The fact 
that for none of the occupation layers the relative number of unidentifiable remains was more than 
1.5% indicates the good preservative state of the bones. The mean weight of all the bones is 44.2 g 

                                                 
1 The 123 bones found in artificial layers B and C were not assigned to an occupation layer by the excavator. It is 
believed that they come from disturbed layers and are therefore excluded. 
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(n 5,957). The mean weight of the identifiable remains is 44.4 g and that of the unidentifiable 
remains 12.1 g (n 35). This means that mostly larger fragments were collected and that only a few 
splinters were unidentifiable. 
 
The identifiable remains were of mammals, birds, fish and molluscs (Figure  2-3). Most of the 
remains belong to domesticates: cattle (Bos taurus), sheep (Ovis aries), goat (Capra hircus), pig 
(Sus domesticus), horse (Equus caballus), dog (Canis familiaris) and cat (Felis catus). The 
proportion of non-domesticates to domesticates is low. 
 

Rosenstraße (Emden) 

Occupation Layer 
Class Species 

2 2a 3 3a 4 5 6 7 
Cattle (Bos taurus) 176 222 443 222 623 720 653 838
Sheep/Goat (Ovis/Capra) 69 88 202 90 252 235 170 120
Sheep (Ovis aries)  8 16 4 16 32 21 30
Goat (Capra hircus)  1 2  1 3
Pig (Sus dom.) 11 21 31 22 27 63 88 129
Horse (Equus caballus)  3 1  3 3 3
Dog (Canis familiaris)  3 6 5 3 9 5
Cat (Felis catus)  2 2 3 3 3 2
Red deer (Cervus elaphus)  3 1 1 1 1 2

Mammals 

Wild boar (Sus scrofa)   2  
Chicken (Gallus gallus dom.)  1 1 1 1 3 2 3
Goose (Anser anser dom.)  1 1 3 1  
Greylag goose (Anser anser)  2 1 2 4 2
Mallard (Anas platyrhynchos)   1 
Tufted duck (Aythya fuligula)    1
Goldeneye (Bucephala clangula)    1

Birds 

Shelduck (Tadorna tadorna)   1  
Fish Atlantic cod (Gadus morhua)  1 1 7 25 3

Common cockle (Cerastoderma edule)    1
Mussel (Mytilus edulis)  1  2 5Molluscs 
Acanthocardia sp.    1

Total 256 344 705 350 940 1097 958 1149

Figure  2-3 Faunal list using NISP per occupation layer. 

 
NISP and BW  
The sequence of the domesticated mammals does not differ whether based on the NISP (Figure  2-3) 
or the bone weight (BW; Figure  2-4). The diversity of species is higher for the later occupation 
layers. This is likely caused by the larger amount of bones present in these occupation layers. 
 

Figure  2-5Amongst the domesticates, cattle dominate in all occupation layers ( ), followed by sheep 
(and goat). The proportion of sheep increases steadily until it starts to decrease from occupation 
layer 5 onwards. Contrary, the proportion of pig increase from occupation layer 5 onwards. Horse 
remains were only found in small numbers and their bones were not present in the material from 
occupation layers 2, 3 and 4. The dog is present in almost all occupation layers, with the exception 
of 2 and 2a. The cat is also absent in the first two occupation layers. This does not mean that there 
were no dogs and cats in the 9th and 10th centuries. It appears that the absences are caused by the 
small amount of material in these oldest occupation layers. 
 
It is possible that the observed fluctuations in the relative numbers for cattle, sheep and pig show a 
trend in time and are not due to the vagaries of sampling. To test this, χ2-tests were performed with  
the NISP of cattle, sheep/goat and pig per occupation layer (significance level of 5%). The results 
show that a dietary change towards more beef and pork took place between occupation layers 5 and 
6 (Figure  2-6). 
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Rosenstraße (Emden) 

Occupation Layer 
Class Species 

2 2a 3 3a 4 5 6 7 
Cattle (Bos taurus) 7479.6 11002.3 22949.4 12014.4 35166.0 36681.9 33020.3 51819.2
Sheep/Goat (Ovis/Capra) 1124.3 1506.9 4207.9 1727.3 5398.9 4364.3 3190.7 2183.6
Sheep (Ovis aries) 436.1 512.3 146.8 446.3 741.8 391.4 801.6
Goat (Capra hircus) 131.0 281.9  82.1 199.1
Pig (Sus dom.) 279.4 802.2 1279.4 1002.8 1332.8 2958.2 3136.6 5729.7
Horse (Equus caballus) 172.8 126.2  136.9 100.0 404.2
Dog (Canis familiaris) 39.6 91.0 116.5 116.0 148.6 257.6
Cat (Felis catus) 20.1 10.6 14.1 18.6 12.6 8.1
Red deer (Cervus elaphus) 41.8 44.8 15.0 2.0 8.0 40.6

Mammals 

Wild boar (Sus scrofa)  198.7  
Chicken (Gallus gallus dom.) 4.4 7.8 12.4 4.0 8.1 7.5 13.8
Goose (Anser anser dom.) 5.2 6.9 16.5 2.0  
Greylag goose (Anser anser) 13.4 4.3 10.2 18.4 5.5
Mallard (Anas platyrhynchos)  3.3  
Tufted duck (Aythya fuligula)   2.9
Goldeneye (Bucephala clangula)   2.1

Birds 

Shelduck (Tadorna tadorna)  2.6  
Fish Atlantic cod (Gadus morhua) 16.9 14.1 54.3 151.9 32.2

Common cockle (Cerastoderma edule)   1.5
Mussel (Mytilus edulis) 5.4  3.6 12.3Molluscs 
Acanthocardia sp.   2.0

Total 8883.3 13941.6 29091.0 15307.3 42846.4 45411.0 40121.8 61516.0

Figure  2-4 Faunal list using BW per occupation layer. 

 

Species proportions (NISP)
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Figure  2-5 Proportions of cattle, sheep/goat and pig according to NISP per occupation layer. 

 
The non-domesticates are represented by a few bones of red deer (Cervus elaphus) and wild boar 
(Sus scrofa). Only worked pieces of red deer antler were found. Goose (Anser anser dom.), mallard 
(Anas platyrhynchos) and chicken (Gallus gallus dom.) are the (possible) domestic poultry. The 
wild bird species represented are: greylag goose (Anser anser), shelduck (Tadorna tadorna), tufted 
duck (Aythya fuligula) and goldeneye (Bucephala clangula). Based on the overlap in size of the 
domesticated goose and the usually smaller greylag goose, it is possible that some bones classified 
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as greylag goose come actually from small domesticated geese. The only fish species present is the 
Atlantic cod (Gadus morhua). Ten fragments of molluscs were found, belonging to mussel (Mytilus 
edulis), common cockle (Cerastoderma edule) and Acanthocardia sp. The recovery rate of bird and 
fish bones might have been higher had the soil been sieved. 
 

χ2-test 

Occupation 
Layer 

2 2a 3 3a 4 5 6 

2 -       
2a 0.520 -      
3 0.380 0.340 -     

3a 0.459 0.986 0.250 -    
4 0.454 0.028 0.132 0.015 -   
5 0.538 0.550 0.014 0.571 0.002 -  
6 0.006 0.006 0.000 0.009 0.000 0.002 - 
7 0.000 0.000 0.000 0.000 0.000 0.000 0.000t 

Figure  2-6 Probabilities from the χ2-test (bold = significant). 

 
Rosenstraße (Emden) 

Occupation Layer 
Class Species 

2 2a 3 3a 4 5 6 7 
Cattle (Bos taurus) 6 10 20 8 19 19 16 27
Sheep/Goat (Ovis/Capra) 
Sheep (Ovis aries) 

7 15 32 13 51 34 20 14

Goat (Capra hircus) 1 2  1 3
Pig (Sus dom.) 2 5 8 3 9 6 14 13
Horse (Equus caballus) 1 1  1 1 1
Dog (Canis familiaris) 1 2 1 2 2 1
Cat (Felis catus) 1 2 1 1 1 1
Red deer (Cervus elaphus) 1 1 1 1 1 1

Mammals 

Wild boar (Sus scrofa)  1  
Chicken (Gallus gallus dom.) 1 1 1 2 2 1 1
Goose (Anser anser dom.) 1 1 1  
Greylag goose (Anser anser) 1 1 1 2 1
Mallard (Anas platyrhynchos)  1 
Tufted duck (Aythya fuligula)   1
Goldeneye (Bucephala clangula)   1

Birds 

Shelduck (Tadorna tadorna)  1  
Fish Atlantic cod (Gadus morhua) 1 1 1 3 1

Common cockle (Cerastoderma edule)   1
Mussel (Mytilus edulis) 1  2 5Molluscs 
Acanthocardia sp.   1

Total 15 33 66 32 90 74 62 73

Figure  2-7 Faunal list using MNI per occupation layer. 

 
MNI 
The sequence of the domesticated mammals changes based on the MNI (Figure  2-7 & Figure  2-8). 
As seen from Figure  2-8, cattle are now mostly second behind sheep (and goat). The most abundant 
species is sheep (goat); only in the material from occupation layer 7 does sheep become the second 
most commonly represented species behind cattle. The number of sheep is the highest in occupation 
layer 4, but decreases over time. The number of cattle declines from occupation layer 2 until 
occupation layer 4 and then increases. Pig comes third and their numbers decline especially in the 
material from occupation layers 3a to 5. Pig increases in the last two occupation layers.  
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Species proportions (MNI)
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Figure  2-8 Proportions of cattle, sheep/goat and pig according to MNI per occupation layer. 

 
2.2 Body-part frequency 
 
Significant irregularities in the distribution of the skeletal elements within species are not found (see 
Figure 5-9). This means that the townspeople did not consume or trade specific body parts. In fact, 
the evenly distributed skeletal elements suggest that at least some animals were slaughtered and 
their products processed on the spot (ALBARELLA 2005b, 137). There are, however, some minor 
irregularities. It is for instance striking that for all occupation layers the mandibles of cattle, sheep 
and pig are overrepresented. This is caused by the butchering technique whereby the meatless 
mandible stays undamaged and is easily recognised during excavation. Furthermore, the mandible, 
with the exception of that of cattle and horse, is not a highly valued raw material for the bone 
worker. Other zooarchaeologists working on assemblages from different areas and periods 
encountered this phenomenon as well (PAYNE 1973, 285; DAVIS 1976, 153; CLARK 2003, 197). The 
under-representation of metapodials, on the contrary, is caused by the high value of these bones as a 
raw material for combs and other bone objects (see also MÜLLER 1979, 153). 
 
Other highly valued skeletal elements are the horns. The actual horn sits on the horn core, a bony 
projection of the skull. Seldom has the actual horn survived in the soil. Contrary, the horn core has 
as good a change of surviving in the soil as most other bone. Nevertheless, horn cores are 
underrepresented in the material from occupation layers 2 to 3a. A possible explanation is that the 
horn cores stayed attached to the skin and were processed elsewhere. As from occupation layer 4 
onwards more horn cores are present, this could indicate a change in skin processing. The goat horn 
cores found in occupation layers 3a, 4, 6 and 7 are likely to be imported as no other skeletal 
elements of goats are found. PRUMMEL (1983, 260) draws the same conclusion for the early 
medieval animal bone assemblage from Dorestad (Netherlands). 
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Cattle Bone Fragmentation
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Sheep/Goat Bone Fragmentation
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Pig Bone Fragmentation
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Figure  2-9 Degree of fragmentation for cattle, sheep/goat and pig per occupation layer. 
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2.3 Degree of fragmentation 
 
As can be seen from Figure  2-9, the degree of fragmentation differs per domesticated animal. In 
general, cattle bones are more fragmented and produced small fragment codes (020, 100 and 003). 
Less often found are the medium-sized fragments (code 120 und 023) and complete or nearly 
complete bones, represented by code 123, are almost absent. The pattern of the degree of 
fragmentation for sheep bones is the opposite of the pattern found for cattle. Medium-sized 
fragments and (nearly) complete bones dominate among the sheep bones. Very high numbers of 
complete mandibles were found in the younger occupation layers. Smaller fragments are almost 
absent. The pattern found for pig resembles, although based on a small data set, the sheep pattern 
best. Summarising, cattle bones were usually chopped in three, whereas sheep and pig bones were 
usually chopped only into two pieces to fit the cooking pot. 
 

Rosenstraße Cattle Dental Age
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Figure  2-10 Classification of the cattle maxillae and mandibles per occupation layer. 

 
2.4  Age at death 
 
Age analysis of cattle 
It can be seen from Figure  2-10 that the cattle jaws are not spread evenly over the age groups. In 
general, those occupation layers with large data sets (4, 5 and 7) have the best spread. For most 
occupation layers animals older than 3 years (young adult-senile) form the majority. The material 
from occupation layers 3a and 5, however, yields more jaws from sub-adult animals and in 
occupation layer 3, both groups are balanced. The absence of jaws from very young animals (0-3 
weeks) is most likely caused by their lower resilience to taphonomic processes. 
 

Occupation Layer 
Age 

2-3a 4-6 7 
<5-6 months 28 24 8 
7-34 months 21 23 50 
>36 months 51 53 42 

Figure  2-11 Proportion of cattle per age group and occupation layer. 
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As most occupation layers did not yield large amounts of ageable jaws, the data was compressed 
(Figure  2-11). The compressed data shows that consumption patterns are identical from occupation 
layer 2 until 6. In occupation layer 7, more animals are killed as subadults, whereas calves and 
mature animals are less often killed.  
 

Age in months Occupation  
Layer 0-24 0-24/24-36 24-36/42-48 42-48/60 >60 
2-3a 3 24 - 31 42 
4-6 12 4 13 7 64 
7 18 22 - - 55 

Figure  2-12 Epiphyseal fusion data of cattle per occupation layer. 

 
The epiphyseal fusion data was calculated according to UERPMANN (1972, 16) and can be found in 
Figure  2-12. Again, it can be seen that the killing of subadult animals took precedence in occupation 
layer 7. The killing of mature animals decreases in the course of the medieval period. If these 
consumption patterns are a true reflection of the husbandry strategy employed, cattle in the older 
occupation layers reflect stock surplus from mixed farms (i.e. unwanted calves and subadults and 
animals at the end of their useful lives). Contrary, cattle supplied in occupation layer 7 come from a 
farm geared towards meat production with mainly subadult animals being killed. 
 

Foetuses 

Occupation 
Layer 

Species MNI 
Foetus 
(MNI) 

% of MNI 

Sheep 17 2 11.8 
7 

Cattle 27 2 7.4 
Sheep 21 1 4.8 

6 
Cattle 16 1 6.3 
Sheep 34 1 2.9 

5 
Cattle 19 5 26.3 
Sheep 53 5 9.4 

4 
Cattle 19 1 5.3 
Sheep 14 3 21.4 

3a 
Cattle 8 1 12.5 

3 Cattle 20 3 15.0 
2a Cattle 10 3 30.0 
2 Sheep 7 1 14.3 

Figure  2-13 Portion of cattle and sheep foetuses to the MNI. 

Cattle foetuses 

Gestation Period 
(days) 

NISP MNI 

230-240 1 1 
240-250 6 1 
250-260 12 3 
260-270 11 3 
270-280 2 1 

Figure  2-14 Gestation period of cattle foetuses. 

 

 
Figure  2-13 shows the portion of foetuses to the MNI of cattle and sheep. Only bones that could, 
based on their total length, be assigned with certainty to foetuses were used (HABERMEHL, 1975). 
Figure  2-13 shows that more bones of cattle foetuses than of sheep foetuses were found. Foetal 
bone of pig and horse was not found. The presence of cattle (and sheep) foetuses in the bone 
assemblage shows that problems during the gestation period occurred. Figure  2-14 shows that these 
problems mainly occurred at the end of the gestation period (280 days). 
 
Age analysis of sheep  
The results of the jaw classifying can be seen in Figure  2-15. The figure shows a transition from the 
earlier to the later occupation layers. The earlier phase is formed by occupation layers 2-3 where the 
distribution of the jaws over the age groups is evenly spread, whereas the five more recent 
occupation layers (3a-7) show an increase at age 4-8 months. The significance of the differences 
between the occupation layers was tested with χ2-tests (Figure  2-16). The tests were not applied on 
raw data because this would mean that frequently more than 20% of its expected values were less 
than five, which meant that their outcome was statistically invalid. To avoid this, the data was 
compressed: 0-8 months, 9-24 months and >24 months. The tests results indicate a division in an 
earlier (occupation layers 2 to 3) and a later phase (occupation layer 3a to 7). 
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Rosenstraße Sheep/Goat Dental Age
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Figure  2-15 Classification of the sheep maxillae and mandibles per occupation layer. 

 
Figure  2-17 is based on the epiphyseal fusion data of sheep (see UERPMANN 1972, 16). Occupation 
layers 2a, 3, 3a and 5 produced inconclusive results unsuitable for fully plotting. The general pattern 
observed between the curves of occupation layers 2, 4, 6 and 7 consists of c. 50% of the sheep being 
killed between 0/3-4 months and 5-10/15-24 months. Culling rates are down between 5-10/15-24 
months and 36-42/48-60 months. Between c 15% and 33% of the sheep in these occupation layers 
reach an age of more than 60 months. The graph does not support a change in culling strategy as is 
suggested by the analysis of the dental age data. 
 

χ2-test 

Occupation 
Layer 

2 2a 3 3a 4 5 6 

2a 0.094       
3 0.231 0.700      

3a 0.547 0.026 0.039     
4 0.027 0.005 0.000 0.282    
5 0.030 0.005 0.001 0.280 0.949   
6 0.445 0.086 0.105 0.602 0.393 0.331  
7 0.100 0.002 0.000 0.614 0.537 0.560 0.565 

Figure  2-16 Probabilities from the χ2-test (bold = significant).  

 
It is evident that a flock in which such a large proportion of young animals are killed-off cannot 
sustain itself. Therefore, the graphs represent animals from many flocks surrounding Emden. It is 
likely that the young animals not suitable for milk and/or wool production or breeding were brought 
to the market. Furthermore, some of the older animals no longer suitable for milk and/or wool 
production or breeding were also brought to the market. However, the latter did not mainly end up 
in this part of the town. It is likely that the peasants ate them and thus their bones can be found on 
the ‘production site’. Alternatively, the inhabitants of this part of Emden were wealthy and the less 
tasty mutton of older sheep ended on the table of less fortunate people in another part of the town. 
However, a combination of both scenarios is possible. 
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Rosenstraße Sheep Epiphyseal Data
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Figure  2-17 Mortality graph based on the epiphyseal fusion data of sheep per occupation layer. 

 

Rosenstraße Pig Dental Age
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Figure  2-18 Classification of the pig maxillae and mandibles per occupation layer. 

 
Age analysis of pig  
As only a few pig jaws are represented in the Emden material (Figure  2-18), only general remarks 
can be made. No jaws from very young animals under 6 months were found. Jaws from animals 
(much) older than 24 months (old adult and senile) were also absent. Only in the material from 
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occupation layer 3, was such a jaw found. It probably belonged to a breeding sow. Most of the jaws 
come from pigs that died at an age of around 24 months. This is a common and ideal age for 
butchering. 
 
As the data based on the jaws did not show any differences between the occupation layers, the small 
amount of epiphyseal data of all occupation layers was combined. According to this 6.9 % of the 
pigs died between 6-7 and 12 months, 44.7% of them died between 12 and 24-30 months and 
41.7% of the pigs died between 24-30 and 36 months. Only a small percentage (6.7%) of the pigs 
reached an age of more than 36 months. The same conclusion could previously be drawn based on 
the tooth eruption data. 
 
The age analysis of horse  
The limited data from the Rosenstraße indicates that mostly sub-adult horses were killed (Figure 
 2-19).  
 
 

Horse 

Occupation 
Layer 

Skeletal Element 
Age 

(months) 
Tibia <24 

7 
Radius+Ulna <42 

6 Radius <42 
5 Ver. cervicales >60 

3a Metacarpus >12-15 

Figure  2-19 Epiphyseal data of horse per occupation layer. 

Cat 

Occupation 
Layer 

Skeletal Element 
Age 

(months) 
Radius >11.5 

7 
Tibia >11.5 

Humerus <8.5 
Ulna <11.5 6 

Femur <8.5 
Femur >8.5 

5 
Tibia >11.5 
Pelvis >8.5 
Femur >8.5 4 
Tibia <11.5 

Femur <8.5 
3a 

Tibia >11.5 
3 Humerus >11.5 

Figure  2-20 Epiphyseal data of cats per occupation layer. 

Dog 

Occupation
Layer 

Skeletal Element 
Age 

(months) 
Femur >9-10 
Radius >6-9 7 

Tibia+Fibula >5-8 
Cranium >6-12 
Mandible >5-6 
Scapula >3-5 
Humerus >10 
Humerus <10 

6 

Pelvis <20-24 
Cranium >6-12 
Mandible <4-5 5 

Tibia <6-11 
4 Radius >5-8 

Mandible >6-12 
Mandible >6-12 
Humerus >10 

3a 

Femur >9-10 
Mandible >4-5 
Scapula >3-5 3 

Tibia >5-8 

Figure  2-21 Epiphyseal data of dog per occupation layer 

 
The age analysis of dog, cats and birds 
As can be seen from Figure  2-21, many ageable bones of dog are represented in the bone material. 
Most of these bones belonged to adult dogs. Only a tibia and cranium from occupation layer 5 and a 
humerus from occupation layer 6 belonged to puppies. It is likely that the death rate among puppies 
was actually higher as is reflected by these bones. These fragile bones of neonates are likely subject 
to taphonomic processes. The amount of adult cat bones is equal to the amount of sub-adult cat 
bones (Figure  2-20). The abundance of sub-adult bones indicates that many cats died in their first 
year. As cats were probably not kept as pets, winter must have been a hard time with some species 
of mice hibernating2 and the cold. This must have taken its toll especially on the young cats. In 
addition, the killing of unwanted cats in order to control population size cannot be excluded.  
The skeletal elements of birds all belong to adult individuals. 
                                                 
2 The two most common ones: house mouse and black rat, do not hibernate. 
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Figure  2-22 Dot graphs based on the horn core measurements of cattle per occupation layer  

(circle = ♀, filled rectangle = ♂, open rectangle = oxen). 
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2.5 Sex 
 
Cattle 
The cows are represented by the symbols appearing on the left side of the graphs (Figure  2-22). The 
bulls and oxen are represented by the symbols on the right side. The division between females and 
males is based on the circumference of the horn core. Because cattle increased in size during the 
medieval period (see 2.6), the division between male and female horn core circumference increases 
from >160 mm to >180 mm from occupation layer 4 onwards. The upper right quadrant of the 
graph represents the oxen as the separation of bulls and oxen is also based on the form of the horn 
core. The latter is therefore less obvious and was arbitrary set at >80 for oxen. All graphs show that 
cows are in the majority among the adult cattle population of Emden. The spread of the index (M 
46/45 divided by 44) is much higher for cows as it is for bulls and oxen. This means that the horn 
cores of cows were more variable. All horn cores were of the short-horned variety. 
 
The abundance of data for occupation layers 3 to 7 permits the calculation of sex ratios. The results 
in Figure  2-23 show that the sex ratio of cattle did not differ much from occupation layer 3a to 7. 
The balanced sex ratio in occupation layer 3 seems to be accidental. For the other occupation layers, 
the sex ratio shows that for every bull or ox there were about three cows. 
 

Cattle 

Occupation 
Layer 

♀ ♂ Sex ratio 

7 8 3 

Pig 

Occupation
Layer 

♀ ♂ Sex Ratio 

7 4 2 2.0:1 
6 9 9 1.0:1 
5 4 3 1.3:1 
4 4 2 2.0:1 

3a 2 2 1.0:1 
3 5 3 1.7:1 

2a 4 

1:0.38 
6 8 3 1:0.38 
5 15 4 1:0.27 
4 25 4 1:0.16 

3a 3 1 1:0.33 
3 3 3 1:1.00 

- - 

Figure  2-24 Sex ratio of pig per occupation layer. 
Figure  2-23 Sex ratio of cattle per occupation layer. 

 
 
No solid result on the cattle sex ratio was achieved by the method based on the sexual dimorphism 
of the distal breadth of the metacarpus. Due to the fact that metapodials were highly valued as raw 
material, only a few complete ones have survived in the bone material (see 2.2). The majority of the 
distal breadth of the cattle metacarpi lay between 52 and 62 mm. Only for occupation layers 4-6 
higher values up to 74 mm were measured. These higher values come from metacarpi belonging to 
bulls and oxen. This means that based on the metacarpi, cows were in the majority in Emden during 
the medieval period. This conclusion is in accordance with the results from the measurements of the 
horn cores. 
 
Sheep  
The horns of ewes are usually smaller than those of rams. In some breeds, the ewes are hornless. As 
only a few skulls with horn cores or loose horn cores of sheep are represented in the Emden 
material, it seems likely that ewes formed the majority in the adult sheep population or that the 
breed around Emden was hornless. The method for the differentiation of male and female sheep 
based on the pelves as developed by PRUMMEL & FRISCH (1986, 574-576) was not applied with 
success in this study. As most pelves in the Emden material come from very young sheep, sexual 
dimorphism was not yet fully developed. 
 
Pig  
Figure  2-24 shows the results of the canine analysis per occupation layer. In occupation layers 3a 
and 6, the sex ratio is balanced. In occupation layers 3, 4 and 7 the sows form the majority in the 
adult pig population with a 2:1 ratio. 
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Chicken  
Among the material of occupation layer 7, a tarsometatarsus of chicken was found which had a 
fully developed spur. This bone belonged to an adult rooster (PETERS 1997, 54-55). 
 
2.6 Height at the withers 
 
Cattle  
The results in Figure  2-25 show that the height at the withers for cattle increased in the course of the 
medieval period. They measured about 114.4 cm in occupation layer 2. Their size increased to 
129.5 cm in occupation layer 6. The results were tested with a t-test to see if the observed increase 
is significant (5% significance level). It turned out that the observed increases between occupation 
layers 4 and 5 and 6 respectively are significant. The increase between occupation layer 5 and 6, 
however, is not significant. 
 

Cattle 

Occupation 
Layer 

Skeletal Element Side 
Measure 

(mm) 
Height 
(cm) 

7 Metacarpus L 199.0 122.4 
Metacarpus L 227.0 139.6 
Metacarpus L 194.0 119.3 6 

Mean   129.5 
Metacarpus R 212.5 130.9 
Metatarsus R 244.0 133.0 
Metatarsus R 235.0 128.7 
Metatarsus R 230.5 125.6 
Metatarsus R 220.0 119.9 

5 

Mean   127.6 
Radius L 268.0 115.2 
Metacarpus L 195.0 119.9 
Radius R 245.0 105.4 
Metatarsus R 222.0 121.0 
Metatarsus L 240.0 130.8 

4 

Mean   118.5 
3 Metacarpus R 194.0 119.3 
2 Metacarpus L 186.0 114.4 
 Total mean   123.0 

Figure  2-25 Estimated height at the withers for cattle. 

 
Sheep 

Occupation 
Layer 

Skeletal Element Side 
Measure 

(mm) 
Factor 

Height 
(cm) 

Radius R 168.5 4.02 67.7 
Metacarpus L 134.0 4.89 65.5 
Radius R 156.0 4.02 62.7 

7 

Mean    65.3 
6 Scapula R 150.0 4.22 63.3 

Radius L 157.0 4.02 63.1 
Metatarsus L 138.3 4.54 62.8 
Metatarsus R 145.1 4.54 65.9 

4 

Mean    63.9 
Radius L 163.0 4.02 65.5 
Metacarpus R 134.9 4.89 65.9 3a 

Mean    65.7 
Radius L 153.0 4.02 61.5 
Metatarsus L 138.9 4.54 63.0 
Metacarpus L 137.0 4.89 67.0 
Metacarpus L 130.3 4.89 63.7 

3 

Mean    63.8 
 Total Mean    64.4 

Figure  2-26 Height at the withers for sheep per occupation layer. 
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Sheep  
An increase over time, as was seen for cattle, cannot be seen from the results in Figure  2-26. This 
means that the height at the withers for sheep fluctuated between 61.5 and 67.7 cm for the 
Rosenstraße material. 
 
Pig and wild boar 
As most pig bones come from sub-adult individuals, only two bones were suitable for a height 
estimation. A left metacarpus IV from occupation layer 6 produced a height at the withers of  
92.4 cm and a right scapula from occupation layer 7 produced a height at the withers of 71.6 cm. It 
is clear that it is impossible to tell if the height at the withers differed through time based on these 
two observations. The large bone for occupation layer 6 perhaps derives from a wild boar. 
 
Horse  
Unfortunately, there were no suitable horse bones for a height at the withers estimation. 
 

Dog 

Occupation 
Layer 

Skeletal Element Side 
Measure  

(mm) 
Height 
(cm) 

7 Radius R 146.0 48.4 
Femur R 134.0 40.8 

6 
Humerus L 96.5 30.4 

3a Femur L 153.5 46.9 

Figure  2-27 Height at the withers for dog. 

 
Dog  
The results of Figure  2-27 suggest that at least three types of dogs are represented in the 
Rosenstraße bone material. A small dog with a height at the withers of about 30 cm, a medium sized 
dog with a height at the withers of about 40 cm and a large dog with a height at the withers of about 
50 cm. Very large dogs with a height at the withers of more than 60 cm are absent. 
 
2.7 Gnawing 
 
Many bones showed large gnawing marks caused by dogs. The results in Figure  2-28 show that 
most gnawing marks were found on pig, and to a lesser extent on sheep bones. Significantly less 
gnawing marks were found on cattle bones. 
 

Gnawing Marks 

Occupation 
Layer 

2 
% 

2a 
% 

3 
% 

3a 
% 

4 
% 

5 
% 

6 
% 

7 
% 

Total 
% 

Cattle 11.9 18.1 12.4 16.1 14.7 16.9 17.6 12.5 15.0 
Sheep/Goat 27.5 20.8 14.2 14.7 22.8 27.7 31.3 22.2 23.0 
Pig 27.3 - 16.1 23.8 18.5 43.5 29.5 25.6 26.7 

Figure  2-28 Proportion of bones with gnawing marks per occupation layer. 

 
Most of the gnawing marks in cattle are found on costae, vertebrae and pelves. Whereas the 
vertebrae belong to butchery debris, the costae and pelves belong to the kitchen refuse. In contrast 
to cattle, in sheep most gnawing marks are found on the meat-rich long bones, shoulder girdle and 
pelves. The only exception is the mandible, which belongs to the butchery debris. It is difficult to 
establish the gnawing pattern for pig as not much data is available. However, it seems that most 
gnawing is found on the mandibles, scapulae, costae, pelves and tibiae. This pattern is a mix of the 
pattern found for cattle (costae, pelves) and sheep (mandible, scapula, pelvis, tibia). 
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2.8 Butchery marks  
 
The accumulation of cut- and chop marks on particular skeletal elements can demonstrate the use of 
the dead animal body (see for instance BINFORD 1981; LAUWERIER 1988; EWERSEN 2004). Some 
marks result from butchering practices: skinning and disarticulation of the carcass, other marks are 
the result of food preparation (filleting). 
 
The chopping marks on cattle crania result from the stunning of the animals and the subsequent 
removal of the nutritious brain (see UERPMANN 1977, 264). The horn cores were chopped off the 
cranium and probably left in the skin for the tanner and the horn worker. Chopping marks on the 
cattle vertebrae, costae, scapulae and pelves are caused as the carcass was divided into butcher’s 
cuts. This resulted into vertebrae bodies that are chopped vertically or horizontally. All 16 atlases 
with chop marks in the Rosenstraße material are chopped vertically. Of the 14 epistrophei with 
chopping marks, six were chopped horizontally, five vertically and three had both horizontal and 
vertical chopping marks. Of the 32 cervical vertebrae with chopping marks, 18 were chopped 
horizontally, 11 were chopped vertically and one showed both marks. Of the thoracic vertebrae with 
chopping marks, 24 were chopped horizontally and two vertically. Of the 46 lumbar vertebrae with 
chopping marks, 28 were chopped horizontally, 12 vertically and one horizontally and vertically. 
This indicates that the carcass was split transversely first in order to produce sections which are 
easier to process (SEETAH 2006, 48). 
 
Afterwards, the body was divided latitudinal at the end of the neck, in the torso, and above the 
pelvis. The neck was eventually split longitudinal. As the spinal column was removed, the 
protruding processi were chopped off. Cut marks on the crania, costae, carpals, tarsals and 
phalanges can occur during skinning. The many cut and chop marks on the costae could also be the 
result of filleting during food preparation. 
 
In contrast to the technique used to remove the brain in cattle, the crania of sheep are chopped 
sagitally following the suture. As with cattle, the chopping marks on vertebrae, costae, scapulae and 
pelves occur as the carcass is portioned. All elements of the spinal column, with the exception of a 
lumbal vertebra, were chopped vertically, indicating that the dead sheep body is divided into a left 
and a right side and that the trunk is not further divided. The cut marks on the mandibles and costae 
indicate that the sheep were skinned and filleted. 
 
Based on the pattern of the sutures, the back of the head is chopped off in pigs to remove the brain. 
Afterwards, the rest of the cranium and the mandible were split in the saggital plane. As in pig both 
halves of the mandible fuse, the butcher had to chop through the symphysis. During subsequent 
butchery, chopping marks on the vertebrae, scapulae and pelves occurred. Contrary to the practice 
in sheep, most elements of the pig spinal column are chopped horizontally. This occurs when the 
pieces of meat that will later be turned into the hams are separated from the body. As with sheep, 
the cut marks on the mandibles and costae were caused during skinning and filleting. 
 
The round and rectangle holes in some of the scapula blades of sheep and pig indicate the practise 
of smoking. The hams were hooked on and smoked above the fireplace or hung in brine. However, 
NICHOLSON (1996, 248-249) warns that this interpretation should be secured by other butchery 
marks on the same bone. This was only the case with a pig scapula from occupation layer 7 on 
which cut marks were seen relating to filleting the cured meat. The other sheep scapulae with holes 
all belonged to lambs. As the blade is particularly delicate in juvenile animals, the holes likely have 
a taphonomic origin. 
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2.9 Bone density patterns 
 
To see if there are any bone concentrations in the different occupation layers, which indicate special 
human activities, bone distribution maps were drafted on which the floor plans of the houses are 
schematized. Unfortunately, the only fully described features on the original field drawings are the 
floor plans of the houses. Pits and wells are seldom described. As there are some inconsistencies 
between the original field drawings and the drawings published by HAARNAGEL (1955, Tafel I), the 
published ones were used as it can be assumed that Haarnagel edited them during the interpretation 
of the excavation. 
 
Three methods of find recording were used by the excavators. Sometimes a point was measured in 
and all finds in the immediate surroundings of this point were assigned the same find number. This 
method was practised especially at the beginning of the excavation. The second method pinpoints 
the finds to an arbitrarily drawn rectangle. A method frequently used at the end of the excavation; in 
fact it is the only method used in the last artificial layers. The third method, pinpointing the finds to 
an arbitrarily drawn line, was not used frequently. It is clear that the last two methods are the less 
accurate. To harmonize the results of these three methods, a grid of 1x1 m boxes was put over the 
excavation drawings and the finds were assigned to these new quadrants. Even after standardizing 
the find recording method, spread maps originally based on the point method are the most 
informative (next page: Figure  2-29 Bone distribution maps for the occupation layers of the 
Rosenstraβe excavation). Maps based on the rectangle or line method show no bone density 
concentrations. The overall bone density per occupation layer does not differ much. As can be seen 
from Figure  2-30, the bone density values fluctuate between 17.2 and 23.9 bones per cubic metre 
soil. Only the bone density for occupation layer 7 is significantly lower. This is the result of the 
many modern disturbances in this occupation layer. 
 

Bone Density 

Occupation 
Layer 

Soil 
(m3) 

Bones 
(n) 

Bone Density 
(bone/m3) 

7 180.0 1166 6.5 
6 54.0 967 17.9 
5 54.0 1105 20.5 
4 40.8 940 23.0 

3a 20.4 350 17.2 
3 40.8 705 17.3 

2a 14.4 344 23.9 
2 13.5 256 19.0 

Figure  2-30 Bone density per occupation layer. 

 
Occupation layers 4 to 7 produced more interesting maps as they are mainly based on the point 
method. The map for occupation layer 4 shows a massive bone concentration west of houses 1 and 
4. This indicates a back yard where household refuse was dumped. Among this household refuse is 
some comb makers’ debris, a winged composite comb, a possible smoother and a sheep scapula 
with a hole possibly related to the practise of smoking meat. A long comb and a skate are associated 
with house 1. Another piece of typical comb makers’ refuse is associated with house 2. Minor 
concentrations of bone coincide with the walls of house 1 and 4. These concentrations could 
indicate doorways as refuse was just thrown out through the door3. Minor concentrations of bone 
are found in house 2. The overall picture that emerges is one of tidy homes and dirty streets. 
 
The map for occupation layer 5 shows concentrations of bone in houses 1 and 2. Massive bone 
concentrations are also found in front of house 2. These are probably refuse pits. They contained a 

                                                 
3 The material from the Late Bronze Age farm of Rodenkirchen produced maps with massive concentrations of bone at 
the doorways (GRIMM 2003, 212). 
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possible game piece and a sheep scapula with a hole indicative of smoking meat on a hook. A long 
comb tooth, an awl and a composite comb plate were found in the space between the two houses. In 
contrast to the results from occupation layer 4, bone concentrations are mainly found inside the 
houses and the large space between the houses is almost free of bones. 
 
Only one house floor plan was found on the excavated area in occupation layer 6. A massive bone 
concentration is found to its west. It is possible that this concentration marks a doorway in its 
western wall or a refuse pit in the back yard. Smaller concentrations of bone are found east of the 
house. They might indicate refuse pits as well. In one of them, a piece of worked bone was found. A 
comb case was found in house 1 and a winged comb was found just a little north of the house. This 
occupation layer resembles occupation layer 4 as the house is almost bone-free and large 
concentrations are found outside. 
 
As occupation layer 7 is heavily disturbed, its bone density map looks a bit chaotic. Although two 
pits are indicated on the map, no bone concentrations can be linked to them. The strategraphic 
sequence of house plan 1 and the pit overlapping it is not known. As the bone concentrations of 
house 1 coincide with the wall, this might indicate one or more doorways. The same holds true for 
house 2; among the western concentration is a broken-off long comb tooth. It is possible that a 
woman pinned up her hair with a long comb and as one of the teeth broke off, she threw it out of the 
door. The concentration in the middle of this house could indicate a fireplace; whereas the 
concentration in house 3 might indicate a doorway. 




