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3. The animal bone analysis of the Schulstraße excavation 
 
The following chapter focuses on the hand collected bone material (n 6,542) from the excavation 
Schulstraße. The excavation yielded mostly small houses typical of merchants and craftsmen (see 
chapter 1 for details).The excavator identified eight occupation layers numbered 1, 2, 2a, 3, 3a, 4, 5, 
and, 6 which cover a time period from the 9th to the 13th centuries AD. The dating of these layers is 
mainly based upon an imported and local ceramic typology (Figure  3-1). 
 

Chronology Schulstraße based on STILKE (1995 21,33)  

Occupation 
 Layer 

Artificial 
Layer 

Depth 
(OD) 

Coin Date 
Import  

Ceramics 
Local  

Ceramics 
Occupation Phase 

(century AD) 
G +3.90  c. 1300  
H +3.60    6 
J +3.30  c. 1250  

2nd half 13th 

K +3.00    
5 

L +2.70    
1st half 13th 

4 M +2.40    12th 
N +2.10  c. 1100  

3a 
O +1.80    

11th 

3 P +1.50  c. 1000 c. 1000 late 10th/early 11th 
2a Q +1.20    10th 

R +0.90 900-911 c. 900  
S +0.60    2 
T +0.30    

mid 9th/early 10th 

1 U +0.00   c. 800 9th  

Figure  3-1 Dating of the occupation layers of the excavation Schulstraße. 

 
The analysis of the Rosenstraße material can be found in chapter 2. In chapter 4 the results from the 
Kirchstraße are discussed and chapter 5 summarises the results of these individual 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 can be found in chapter 1. 
 

1 2 2a 3 3a 4 5 6 
Occupation 

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

identifiable 
remains 

118 92 1007 93 502 96 506 98 1022 99 483 99.4 1196 98 1523 98 

unidentifiable 
remains 

10 8 77 7 19 4 12 2 15 1 4 0.6 21 2 27 2 

Total 128 100 1084 100 521 100 518 100 1037 100 487 100.0 1217 100 1550 100 

Figure  3-2 Identifiable and unidentifiable remains per occupation layer. 

 
3.1. Relative frequencies of the species 
 
The identifiable and unidentifiable remains are listed per occupation layer in Figure  3-2. The fact 
that the proportion of unidentifiable remains was only 3.0% indicates the good preservation of the 
bones and/or coarse collection. The mean weight of the bones is 40.2 g (n 6,542). The mean weight 
of the identifiable remains is 40.9 g and that of the unidentifiable remains 18.1 g (n 185). This 
means that mostly larger bones were collected and that only some splinters were unidentifiable. 
Most of the identifiable remains were of cattle, sheep/goat and pig. The bone material being hand-
collected only resulted in a possible under-representation of smaller bones and the generally smaller 
bird and fish bones. The bones of wild animals were only occasionally found. 
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Schulstraße (Emden) 

Occupation Layer 
Class Species 

1 2 2a 3 3a 4 5 6 
Cattle (Bos taurus) 73 630 322 320 603 267 745 1023 
Sheep/Goat (Ovis/Capra) 34 223 112 111 295 164 322 317 
Sheep (Ovis aries) 3 69 29 40 60 27 61 74 
Goat (Capra hircus)        2 
Pig (Sus dom.) 7 73 25 24 54 20 43 80 
Horse (Equus caballus)  2 3 2  1 2 7 
Dog (Canis familiaris) 1  4 1 1  1 4 
Cat (Felis catus)  3 4 1 1  1 2 
Aurochs (Bos primigenius)     1     
Red deer (Cervus elaphus)  1 1 4  2 5   

Mammals 

Wild boar (Sus scrofa)       3   
Chicken (Gallus gallus dom.)  1     1 4 
Goose (Anser anser dom.)  2  2 1 1 8 8 
Greylag goose (Anser anser)  2 2 1 1 1 1   
Mallard (Anas platyrhynchos)        1 
White-tailed eagle (Haliaeetus albicilla)     1     

Birds 

Sandpipers (Scolopacidae)       1   
Atlantic cod (Gadus morhua)  1   2  2 1 

Fish 
Sturgeon (Acipenser sturio)     1     

Molluscs Common whelk (Buccinum undatum)         1       
Total 118 1007 502 506 1022 483 1196 1523 

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

 
Schulstraße (Emden) 

Occupation Layer 
Class Species 

1 2 2a 3 3a 4 5 6 
Cattle (Bos taurus) 2814.7 30011.0 13597.2 12904.4 33321.4 14843.6 36433.2 55032.4
Sheep/Goat (Ovis/Capra) 614.7 4262.1 1981.4 2244.7 7478.6 4090.4 7245.8 7158.4 
Sheep (Ovis aries) 52.2 1591.6 657.9 829.4 1427.7 726.9 1483.8 1884.9 
Goat (Capra hircus)        152.8 
Pig (Sus dom.) 283.1 2654.0 872.4 598.5 2454.2 984.0 2417.0 3784.8 
Horse (Equus caballus)  203.2 172.6 138.2  25.1 126.0 1072.0 
Dog (Canis familiaris) 44.9  77.9 33.7 98.2  39.9 76.1 
Cat (Felis catus)  20.9 15.8 4.6 3.7  5.4 17.7 
Aurochs (Bos primigenius)     71.2     
Red deer (Cervus elaphus)  36.7 16.3 43.7  64.0 55.9   

Mammals 

Wild boar (Sus scrofa)       106.4   
Chicken (Gallus gallus dom.)  7.0     3.9 21.3 
Goose (Anser anser dom.)  19.0  12.5 7.9 6.2 69.7 45.5 
Greylag goose (Anser anser)  23.9 14.4 2.4 12.3 3.7 10.2   
Mallard (Anas platyrhynchos)        3.8 
White-tailed eagle (Haliaeetus albicilla)     13.3     

Birds 

Sandpipers (Scolopacidae)       1.4   
Atlantic cod (Gadus morhua)  2.7   19.2  27.8 8.7 

Fish 
Sturgeon (Acipenser sturio)     60.0     

Molluscs Common whelk (Buccinum undatum)         10.4       
Total 3809.6 38832.1 17405.9 16812.1 44978.1 20743.9 48026.4 69258.4

Figure  3-4 Faunal list using BW per occupation layer. 

 
NISP and BW 
The sequence of the domesticated mammals does not differ based on the NISP (Figure  3-3) or BW 
(Figure  3-4). In all occupation layers cattle numbers dominate (Figure  3-5). The highest proportion 
of cattle is reached in occupation layer 6. Next comes sheep (and goat) which’s proportion increases 
until occupation layer 4. Sheep numbers decline from occupation layer 5 onwards. Pig comes third 
and between occupation layer 1 and 4, its relative number fluctuates and reaches a very low value in 
occupation layer 5. In occupation layer 6, its numbers increase again. The horse is not present in 
occupation layers 1 and 3a. Their small numbers indicate that it was of little importance food-wise. 
The dog is not present in occupation layers 2 and 3a. The cat is absent in occupation layers 1 and 4. 
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Species proportions (NISP)
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Figure  3-5 Proportions of cattle, sheep/goat and pig according to NISP per occupation layer. 

 
χ2-test 

Occupation 
Layer 

1 2 2a 3 3a 4 5 

1 -       
2 0.793 -      

2a 0.757 0.245 -     
3 0.838 0.184 0.852 -    

3a 0.748 0.009 0.049 0.164 -   
4 0.215 0.000 0.001 0.009 0.153 -  
5 0.466 0.000 0.161 0.410 0.057 0.013 - 
6 0.402 0.016 0.525 0.184 0.000 0.000 0.000 

Figure  3-6 Probabilities from the χ2-test (bold = significant). 

 
The differences in species proportions between cattle, sheep/goat and pig through time were tested 
with a χ2-test for significance. The results in Figure  3-6 show that a likely shift in dietary habits 
took place in occupation layer 3a when the people living at the later Schulstraße started to eat more 
mutton and another shift in occupation layer 6, when they started to eat more beef and pork. 
 
The wild animals are represented by some bones of aurochs (Bos primigenius), red deer (Cervus 
elaphus) and wild boar (Sus scrofa). Red deer was only represented by worked antler. Goose (Anser 
anser domesticus) and chicken (Gallus gallus domesticus) are the (possible) domestic poultry and 
sparsely represented. The bone of a mallard from occupation layer 6 could be of domestic duck. The 
wild birds represented are greylag goose (Anser anser), white-tailed eagle (Haliaeetus albicilla) and 
a sandpiper (Scolopacidae). All three of them could be found in the coastal landscape around 
Emden. The Atlantic cod (Gadus morhua) is an inhabitant of the North Atlantic. The only mollusc 
found is a common whelk (Buccinum undatum). This species can be found on the tidal flat. 
 
MNI 
The most important species according to the MNI is sheep (Figure  3-7 & Figure  3-8). Its relative 
number is highest in occupation layer 4. It decreases afterwards until only 51.8 % remains in 
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occupation layer 6. Cattle comes second. Its proportion declines from 46.4 % in occupation layer 1 
until 14.3 % in occupation layer 3. It increases in the later occupation layers. Pig comes third place 
with a relative number of 4.8-21.4 % (mean 12.8 %). The proportion of pig declines especially in 
occupation layers 3 and 4. The horse plays only a minor role. Goose is the most numerous poultry 
followed by chicken. 
 

Schulstraße (Emden) 

Occupation Layer 
Class Species 

1 2 2a 3 3a 4 5 6 
Cattle (Bos taurus) 4 10 5 6 20 11 17 22 
Sheep/Goat (Ovis/Capra) 
Sheep (Ovis aries) 

4 25 10 27 92 45 67 56 

Goat (Capra hircus)        2 
Pig (Sus dom.) 2 12 3 3 13 3 12 22 
Horse (Equus caballus)  1 1 1  1 1 1 
Dog (Canis familiaris) 1  1 1 1  1 1 
Cat (Felis catus)  1 2 1 1  1 1 
Aurochs (Bos primigenius)     1     
Red deer (Cervus elaphus)  1 1 1  1 1   

Mammals 

Wild boar (Sus scrofa)       1   
Chicken (Gallus gallus dom.)  1     1 2 
Goose (Anser anser dom.)  2  1 1 1 1 1 
Greylag goose (Anser anser)  2 1 1 1 1 1 2 
Mallard (Anas platyrhynchos)        1 
White-tailed eagle (Haliaeetus albicilla)     1     

Birds 

Sandpipers (Scolopacidae)       1   
Atlantic cod (Gadus morhua)  1   1  1 1 

Fish 
Sturgeon (Acipenser sturio)     1     

Molluscs Common whelk (Buccinum undatum)         1       
Total 11 56 24 42 134 63 106 112 

Figure  3-7 Faunal list using MNI per occupation layer. 

 

Species proportions (MNI)
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Figure  3-8 Proportions of cattle, sheep/goat and pig according to MNI per occupation layer. 
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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  3-9 Degree of fragmentation for cattle, sheep and pig per occupation layer. 
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3.2. Body part frequency 
 
The presence of all skeletal elements of the domesticates and their even distribution suggests that 
animals were slaughtered and processed near the excavation area (see Figure 5.9). The large 
numbers of mandibles and low numbers of horn cores and metapodials need further explanation. 
These bones are resilient to mechanical stress. As the horn that sits on the horn core and 
metapodials were highly valued as raw materials, it is likely that they were removed from the site. It 
is probable that they were collected after slaughtering, possibly still attached to the skin, and 
brought to the tanner and bone worker. The high number of mandibles can be explained by their 
attractive form, which makes them easily recognisable by fieldworkers. They seem to have a higher 
chance of being picked up1. 
 
3.3. Degree of fragmentation 
 
The patterns found for the different domesticates show that cattle bones were usually chopped in 
three, whereas the smaller sheep and pig bones could be chopped into two pieces and fit a cooking 
pot (Figure  3-9). The high proportion of complete sheep/goat jaws causes the exceptional values for 
complete sheep bones from occupation layer 3a onwards. Their high values derive from the fact that 
the mandibles of sheep are hardly damaged during butchery and were not regarded as a prized raw 
material. They also have a higher recovery potential (see above). 
 

Schulstraße Cattle Dental Age
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until 3 months
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Figure  3-10 Classification of the cattle maxillae and mandibles per occupation layer. 

 
 
 
 

                                                 
1 I know from my own experience as an zooarchaeologist that excited field workers will come to see you to tell you that 
they have found a skull or jaw. They are far less excited about ribs and vertebrae. 
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3.4. Age at death 
 
Age analysis of cattle 
It can be seen from Figure  3-10 that the cattle jaws are not spread evenly over the age groups. 
Occupation layers with large data sets (occupation layers 2, 3a, 5 and 6) have better and probably 
more reliable patterns. Animals older than 3 years (adult, old adult and senile) form the majority in 
most occupation layers. 
 

Occupation Layer 
Age 

1-3a 4-6 
<5-6 months 8 26 
7-34 months 16 20 
>36 months 76 54 

Figure  3-11 Proportion of cattle per age group and occupation layer. 

 
As most occupation layers did not yield large amounts of ageable jaws, the data was compressed 
(Figure  3-11). The compressed data shows that consumption patterns differ between the two groups 
of occupation layers. More calves and less mature animals are killed in occupation layers 4-6 
compared to occupation layers 1-3a.  
 

Age in months Occupation  
Layer 0-24 0-24/24-36 24-36/42-48 42-48/60 >60 
1-3a 10 1 24 35 30 
4-6 10 9 22 14 45 

Figure  3-12 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  3-12. The killing patterns based on epiphyseal fusion between the two groups of occupation 
layers do probably not really differ. If these consumption patterns are a true reflection of the 
husbandry strategy employed, cattle in all occupation layers reflect stock surplus from mixed farms 
(i.e. unwanted calves and subadults and animals at the end of their useful lives). The tooth eruption 
data hints at a change towards milk consumption in the younger occupation layers with more calves 
being killed.  
 
Foetal bones of cattle and sheep were also present in the Schulstraße material and support the 
hypothesis that animals were kept locally (Figure  3-13). 
 

Foetuses 

Occupation 
layer 

Species MNI 
Foetus 
(MNI) 

% of MNI 

Cattle 10 2 20.0 
2 

Sheep 25 1 4.0 
2a Cattle 5 2 40.0 
3 Cattle 6 1 16,7 

Cattle 20 3 15,0 
3a 

Sheep 92 1 1.1 
Cattle 11 1 9.1 

4 
Sheep 45 1 2.2 

5 Cattle 17 6 35.3 
Cattle 22 5 22.7 

6 
Sheep 56 2 3.6 

Figure  3-13 Proportion of cattle and sheep foetuses to the MNI. 

 
Age analysis of sheep 
Figure  3-14 presents the age data of the sheep jaws. From occupation layer 1 until occupation layer 
3 the adult sheep outnumber the sub-adult ones. However, from occupation layer 3a onwards the 
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number of sub-adults rises rapidly. The number of 4-8 months old lambs increases considerably. 
These results were tested with χ2-tests with compressed data: 0-8 months, 9-24 months and >24 
months (see 2.4). Occupation layer 1 was not tested as it has less than 10 observations. The results 
of the tests are presented in Figure  3-15. The results show that the observed division in an earlier 
phase (occupation layers 1-3) with less lambs and a later phase (occupation layers 3a-6) with many 
lambs is significant. The proportion of lamb in the diet of the inhabitants of the Schulstraße thus 
increased in the 11th century. 
 

Schulstraße Sheep/Goat Dental Age
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Figure  3-14 Classification of the sheep maxillae and mandibles per occupation layer. 

 
χ2-test 

Occupation 
Layer 

2 2a 3 3a 4 5 

2a 0.190      
3 0.888 0.184     

3a 0.000 0.000 0.000    
4 0.000 0.000 0.000 0.692   
5 0.000 0.000 0.000 0.483 0.528  
6 0.000 0.000 0.003 0.163 0.184 0.014 

Figure  3-15 Probabilities from the χ2-test (bold = significant). 

 
Figure  3-16 is based on the epiphyseal fusion data of sheep (see Uerpmann 1972, 16). A similar 
division in an earlier and a later phase with low and high proportions of sheep killed at young ages 
becomes apparent from this graph. More animals were killed between the age of 5-10 months and 
15-24 months in the later phase (occupation layers 3a-6). 
 
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 
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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. 
 

Schulstraße Sheep Epiphyseal Data
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Figure  3-16 Survival graph based on the epiphyseal fusion data of sheep per occupation layer. 
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Figure  3-17 Classification of the pig maxillae and mandibles per occupation layer. 
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Age analysis of pig 
The material from the Schulstraße yielded only a few pig jaws (Figure  3-17). Those from very 
young animals under 6 months were not found. Jaws from animals (much) older than 24 months 
were also almost absent. Only in the material from occupation layers 2 and 3a were these found, 
and this indicates breeding sows. 
 
Figure  3-17 shows that most of the pig jaws come from animals that were about two years old when 
they died (optimum meat yield). As the data based on the jaws did not show major differences 
between the occupation layers, the small amount of epiphyseal data of all occupation layers was 
combined. The epiphyseal fusion data of pig confirms that the majority of pigs were slaughtered at 
between one and two to two-and-a-half years old. 
 
The age analysis of horse 
The bone material of the Schulstraße yielded only four horse bones suitable for age estimation. The 
data indicates that sub-adult and adult horses were occasionally slaughtered (Figure  3-18). 
 

Dog 
Horse 

Occupation 
layer 

Skeletal element 
Age 

Occupation Skeletal element 

(months) 
Radius+Ulna >42 
Metacarpus >12-15 6 
Metacarpus >12-15 

2a Radius <42 

Figure  3-18 Epiphyseal data of horse per occupation layer. 

Age 
6 Mandibula >6-12 
5 Manibula >6-12 

3a Cranium >6-12 
Cranium >6-12 

2a 
Mandibula >6-12 

1 Tibia >6-11 

Figure  3-19 Epiphyseal data of dog per occupation layer. 

Cat 

Occupation 
layer 

Skeletal element 
Age 

(months) 
Humerus <8,5 

6 
Femur <8,5 

5 Ulna <10 
3a Tibia <11,5 
3 Humerus >11,5 

Ulna >10 
Ulna <10 2a 
Tibia <11,5 

Femur >8,5 
Tibia >11,5 2 
Tibia >11,5 

Figure  3-20 Epiphyseal data of cat per occupation layer. 

 
The age analysis of dog, cat, birds and fish 
Only a few dog bones, mainly crania and mandibles, were suitable for age analysis (Figure  3-19). 
They all belong to adult dogs. The amount of adult cat bones is equal to the amount of sub-adult cat 
bones (Figure  3-20). The sub-adult bones indicate 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 and fish were of adult individuals. 
 
 
 

                                                 
2 The two most common ones: house mouse and black rat, do not hibernate. 
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Figure  3-21 Dot graphs based on the horn core measurements of cattle per occupation layer 

 (circle = ♀, filled rectangle = ♂, open rectangle = oxen).  
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3.5. Sex 
 
Cattle  
The cows are represented by the symbols appearing on the left side of the graphs of the horn core 
measurements (Figure  3-21). 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 
the cattle increased in size during the medieval period (see 3.6), 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 3a to 6 permits the calculation of sex ratios. The results 
in Figure  3-22 show that cows were in the majority in all occupation layers. Although numbers are 
only small, it seems that the proportion of cows increased during the middle ages. 
 
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 measurements 
show that the distal breadth of the cattle metacarpi lays between 44 and 70 mm. Only the material 
from occupation layers 2 and 6 included metacarpi with higher values. These higher values come 
from metacarpi probably belonging to bulls and oxen. This means that based on the metacarpi, cows 
were in the majority during the medieval period in Emden. This conclusion fits in 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  3-23 shows the results of the canine analysis per occupation layer. Sows are in the majority 
among the adult pig population in every occupation layer. Leaving the unusual high number of sows 
for occupation layer 3a out, then two sows were present for every boar. 
 

Pig 

Occupation 
Layer 

♀ ♂ Sex ratio Cattle 

Occupation 
Layer 

♀ ♂ Sex ratio 

6 24 6 1:0.25 
5 11 2 1:0.18 
4 

6 8 5 1:0.6 
5 4 3 1:0.8 
4 2 1 1:0.5 

3a 8 1 1:0.1 
2a 1 - - 
2 4 2 1:0.5 
1 

8 1 1:0.13 
3a 9 4 1:0.44 

Figure  3-22 Sex ratio of cattle per occupation layer. - 1 - 

Figure  3-23 Sex ratio of pig per occupation layer. 
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3.6. Height at the withers 
 
Cattle 
The estimated height at the withers of cattle (Figure  3-24) hints at an increase during the medieval 
period. Cattle measured about 117.2 cm in occupation layer 2, increased in height to 119.0 cm in 
occupation layer 5 and to 120.6 cm in occupation layer 6. The average withers heights were tested 
with a t-test. It turned out that, probably due to the small sample sizes, none of the observed 
increases were significant. 
 

Cattle 

Occupation  
Layer 

Skeletal element Side 
Measure 

(mm) 
Height 
(cm) 

Metacarpus L 159.5 98.1 
Metacarpus L 201.0 123.6 
Metacarpus L 205.0 126.1 
Metatarsus R 221.0 120.4 
Metatarsus L 234.0 127.5 
Metatarsus R 234.5 127.8 

6 

Mean   120.6 
Metacarpus  L 198.0 121.8 
Metatarsus L 213.0 116.1 5 

Mean   119.0 
4 Metacarpus R 204.0 125.5 

3a Metacarpus L 198.0 121.8 
Metacarpus L 182.0 111.9 
Metacarpus L 199.0 122.4 2 

Mean   117.2 
 Total mean   120.3 

Figure  3-24 Estimated height at the withers for cattle. 

 
Sheep 
As was seen for cattle, the estimated height at the withers for sheep also increases with time: from 
63.7 cm in occupation layer 2 to 66.3 cm in occupation layer 6 (Figure  3-25). The performed t-test 
however, showed, probably due to the small sample size, that this difference is not-significant. 
 

Sheep 

Occupation  
Layer 

Skeletal element Side 
Measure 

 (mm) 
Factor 

Height 
(cm) 

Radius L 155.0 4.02 62.3 
Radius L 168.0 4.02 67.5 
Metatarsus R 152.5 4.54 69.2 

6 

Mean    66.3 
5 Metatarsus R 144.0 4.54 65.4 
4 Radius R 161.5 4.02 64.9 

Radius L 177.5 4.02 71.4 
Metatarsus L 138.5 4.54 62.9 2a  

Mean    67.2 
Radius R 149.0 4.02 59.9 
Radius L 162.0 4.02 65.1 
Metacarpus L 144.7 4.89 70.8 
Metatarsus  R 127.2 4.54 57.7 
Metatarsus L 133.9 4.54 60.8 
Metatarsus R 149.0 4.54 67.6 

2 

Mean    63.7 
1 Metacarpus L 119.3 4.89 58.3 
 Total Mean    64.6 

Figure  3-25 Height at the withers for sheep per occupation layer. 
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Pig and wild boar 
As most pig bones come from sub-adult individuals, only four bones were suitable for a height 
estimation (Figure  3-26). The metatarsus III in occupation layer 5 probably belonged to a wild boar. 
It is impossible to tell if the height at the withers differed through time based on these few 
observations. 
 

Pig 

Occupation  
Layer 

Skeletal element Side 
Measure 

(mm) 
Height 
(cm) 

6 Ulna L 183.0 81.8 
5 Metatarsus III L 116.0 104.4* 
4 Scapula R 200.0 76.0 
2 Talus L 43.4 73.8 

Figure  3-26 Height at the withers for pig and *wild boar. 

 
Horse 
Two complete worked horse bones from occupation layer 6 were suitable for estimating height at 
the withers (Figure  3-27). This shows that at least two types of horses existed in Emden. One of the 
horses is rather small, whereas the other one is larger than average according to the tables published 
by VITT (1952). 
 

Horse 

VITT (1952) MAY (1985) Occupation 
Layer 

Skeletal element Side 
Measure 

(mm) Height (cm) Height (cm) 
Radius+Ulna R 330.0 136 136.0 

6 
Metacarpus III L 243.0 144-152 148.2 

Figure  3-27 Height at the withers for horse. 

 
Dog 
The dog remains from the Schulstraße belong to large animals with a height at the withers of  
50-55 cm (Figure  3-28). 
 

Dog 

Occupation  
Layer 

Skeletal element Side 
Measure  

(mm) 
Height 
(cm) 

Humerus R 152.0 49.5 
6 

Radius R 155.0 51.2 
1 Tibia R 190.0 56.4 

Figure  3-28 Height at the withers for dog. 

 
3.7. Gnawing 
 
Many bones showed large gnawing marks caused by dogs. The results in Figure  3-29 show that 
most gnawing was found on pig and sheep bones. Significantly less gnawing was seen on cattle 
bones. Additionally, apart from some minor irregularities, the percentage of gnawed cattle and 
sheep bones declines over time. 
 
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 
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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). 
 

Gnawing Marks 

Occupation 
Layer 

1 
% 

2 
% 

2a 3 
% 

3a 
% % 

4 
% 

5 
% 

6 
% 

Total 
% 

Cattle 15.1 9.2 10.6 10.9 6.8 8.9 12.1 9.2 9.7 
Sheep/Goat 29.7 7.5 33.3 23.8 15.5 14.7 14.9 14.8 16.1 
Pig 14.3 13.7 28.0 29.2 18.5 15.0 16.3 13.8 17.2 

Figure  3-29 Proportion of bones with gnawing marks per occupation layer.  

 
3.8. Butchery marks 
 
In addition to the detailed butchery descriptions in 2.8: In cattle, all 17 atlases with chop marks 
were chopped vertically. Of the eight epistrophei with chop marks, four were chopped horizontally 
and four vertically. Of the 36 cervical vertebrae with chop marks, 19 were chopped horizontally, 17 
were chopped vertically. Of the thoracic vertebrae with chop marks, six were chopped horizontally 
and one vertically. Of the 23 lumbar vertebrae with chop marks, 17 were chopped horizontally and 
six vertically. This indicates that the carcass was split transversely first in order to produce sections 
which are easier to process (SEETAH 2006, 48). Judging from the butchery marks seen on the bones 
from the Schulstraße assemblage, the butchery procedures for sheep and pig were similar to those 
described for the Rosenstraße material in chapter 2.8. 
 
3.9. Bone density patterns3 
 
Find recording for the artificial layers G-J was entirely based on the point method. As the 
excavation moved on, the square method was increasingly made use of. Eventually, this resulted in 
a find recording totally based on the square method for the artificial layers R-U. Even after 
standardizing the find recording method, spread maps originally based on the point method are the 
most informative (next page: Figure 3-31). Maps based on the rectangle or line method show no 
bone density concentrations. 
 

Bone density 

Occupation 
Layer 

Soil 
(m3) 

Bones 
(n) 

Bone Density 
(n/m3) 

6 97.7 1550 15.9 
5 65.1 1217 18.7 
4 27.0 487 18.0 

3a 35.4 1037 29.3 
3 17.7 518 29.3 

2a 16.2 521 32.2 
2 31.9 1084 34.0 
1 9.0 128 14.2 

Figure  3-30 Bone density per occupation layer. 

 
The bone density levels for the Schulstraße fall into earlier, middle and later phases (Figure  3-30). 
In occupation layer 1, before the first house was erected on this part of the dwelling mound, the 
bone density level is low. The bone density rises from occupation layer 2 to 3a. Apparently, there 
was enough free space for people to throw their waste away during these early occupation layers. 
As, with the beginning of occupation layer 4, the occupation density rises, the bone density drops. 
 

Next page: Figure  3-31 Bone distribution maps for the occupation layers of the Schulstraβe excavation. 

                                                 
3 See 2.9 for a method statement. 
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The bone distribution pattern for occupation layer 2a shows that bone concentrations are 
encountered near the well and in the houses. The bone concentration in house 3 or 4 might indicate 
the fireplace whereas the bone concentrations in house 1 and 2 seem to be at the doorways. The 
street and the backyards are largely free from bones. An awl and a double pointed device are 
associated with house 3 or 4. A piece of red deer antler is associated with house 1 or 2, whereas a 
possible smoother was found on the street. A bone concentration in front of house 2 in occupation 
layer 3 indicates a possible doorway. The other larger concentration lies partly on the street and 
partly in front of house 1 and could indicate a doorway. Associated with this concentration are five 
comb plates, a comb case and a handle. A weaker concentration was found around the well. It 
contained a connecting plate of a composite comb and a possible handle. 
 
Apart from the well and the street, no structures were recognized in occupation layer 3a. Bone 
concentrations were found near the well and north of the street. This larger concentration contains a 
lot of raw material and trash and probably derives from a bone workshop, which was situated just 
outside the excavated area. Two bone concentrations, probably marking the entrances of houses 1 
and 2 onto the street, are found in occupation layer 4. The concentration associated with house 2 
contained a possible handle, whereas the concentration of house 1 contained a piece of raw 
material. In addition, a handle was found inside house 1. 
 
Large concentrations are associated with the well, the street and house 1 in occupation layer 5. The 
concentrations in house 1 might indicate the fireplace and the entrance to the street. Associated with 
house 1 are furthermore a composite comb, a game piece, a stud, a long comb tooth, a widerlager 
(bearing) and a piece of waste. The concentration near the well contains a piece of bone worker’s 
waste. A composite comb and a double sided composite comb are associated with house 2. Another 
composite comb was found in the area between the two houses. Associated with the street and its 
high bone concentration are a composite game piece, a composite comb plate and a piece of bone 
worker’s waste. The concentration north of the well might indicate a refuse pit. 
 
The map for occupation layer 6, which is based entirely on the point method, produces many small 
bone concentrations. The largest bone concentration is found on the street. It contains a long comb 
tooth and nine pieces of bone worker’s waste. It is therefore possible that a bone workshop was 
situated just east of the excavated area or was established in house 2. The main bone worker’s waste 
dump may have been outside the excavation area to the east. The other concentrations inside house 
2 might indicate a fireplace and a back door. A bone concentration in house 3 might indicate a 
fireplace as well. A composite comb and a stud are associated with it. The two smaller 
concentrations could indicate entrances. The two larger concentrations in house 4 might indicate 
fireplaces as well. Two long combs and a skate were found in this house. The concentrations east of 
house 4 might indicate refuse pits. 




