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ABSTRACT: Faunal remains from Iron Age farms on Voorne-Putten have been studied_ Animal husbandry, 
especially the rearing of cattle, was the most important source of food'of animal origin. The farms could have 
been self-sufficient as regards meat and milk, and may even have produced some surplus .  
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l .  INTRODUCTION 

S ince 1 968 many Iron Age sites have been discove
red in the district of Voorne-Putten, that consists of 
the former islands Voorne and Putten (fig . I) (W ind, 
1 970). Many of these sites have been excavated by 
the Bureau Oudheidkundig Onderzoek van Gemeen
tewerken Rotterdam (B.O.O.R.) .  Most ofthem were 
single farmhouses, varying from 4-5 m in width and 
from 1 0-20 m in length. Three phases of habitation 
have been discerned : phase I, c. 725-525 BC (Early 
lron Age), phase 2, c.  425-200 BC (Middle Iron 
Age) and phase 3, c. 200-25 BC (Late Iron Age) 
(van Trierum, 1 9 86b; van Trierum et al . ,  1 988 :  pp. 
23-38) .  Individual farms were probably inhabited 
for several decades. Presumably most con tempora
neous farms were situated at some distance from 
one another (van Trierum, pers . comm.) .  

During phase 1 the conditions for habitation were 
still rather poor. The sites of this phase were inhabi
ted for shorter periods than those of phase 2, and 
therefore are more difficult to recognize in the soil 
(van Trierum, 1 986a) (fig. 2). The sites of phase 2 
were inhabited for relatively long periods. They left 
thick layers of habitation remains, which are easily 
recognizable (fig. 3; van Trierum, pers . comm. ) .  
The relative scarcity of  sites of  phase 3 (fig.  4) is 
still unexplained (van Trierum, pers . comm.) .  The 
conditions for habitation during phase 3 would have 
been fairly good. 

The absence of sites of phase l and 2 in the 
western hal f of Voorne-Putten (figs 2 and 3)  may be 
fortuitous. Remains of Iron Age habitation in the 
western hal f are to be expected at deeper levels than 
in the eastern half. Moreover fewer recent bui lding 
and exploration activities have been carried out in 
the western half than in the eastern half (van Trie
rum, pers . comm.) .  The central peat area of Voorne
Putten, in between the present-day places Brielle 
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(B),  Rockanje (R), Hellevoetsluis (H) and Geervliet 
(west of Spijkenisse, S)  (figs 2-4), was not inhabited 
during the Iron Age (van Trierum, pers . comm.) .  

P.J .A. van Mensch studied the faunal remains 
from 8 of these sites . His results have not been 
published, but are summarized in appendix 2 of thi s 
paper. The faunal remains from 1 9  other Tron Age 
sites are discussed in this paper. 

2. THE GEOGRAPHICAL AND VEGETATIO
NAL BACKGROUND 

In the Iron Age Voorne-Putten was largely covered 
with peat, belonging to the Holland-peat formation. 
This peat started to grow after the Late Neolithic 
behind the then closed beach ridges ofthe west coast 
of the Netherlands. During the Late Neolithic and 
Early Bronze Age river-banks and levees in thi s peat 
area were still habitable (Louwe Kooijmans, 1 986; 
Bakels, 1 986; van Trierum, 1 986a; Prummel, 1 987a) . 
In the later phases of the Bronze Age the peat area 
was presumably not inhabited because of wet condi
tions (Hallewas & van Regteren Altena, 1 980: fig . 
2; van Trierum, 1 986a). 

The growth of peat was interrupted about 1 500 
BC,  when the Dunkirk O transgression phase started 
(van Staalduinen, 1 979).  During this phase clay and 
sand were deposited local ly .  Peat growth recovered 
c. 1 000 BC, but was interrupted again about 750 BC, 
due to the Dunkirk la transgression phase. After 
drainage of the peat by still ex isting gulli es of 
Dunki�k O or by gullies of Dunkirk la (van Heerin
gen, 1 986), the peat became habitable. The first Iron 
Age habitation phase started, culturally belonging 
to the Early Iron Age (fig .  2). This phase lasted from 
the end ofthe 8th century BC until the end ofthe 6th 
century BC (both of these are ultimate dates) (van 
Trierum, 1 986b: p .  67) .  



236 W. PRUMMEL 

Peat growth started again at the end of phase 1 
and continued until the end of the 5th century Be. 
Then, after drainage by gullies of Dunkirk Ib, a 
second phase of Iron Age habitation started, phase 
2, belonging to the Middle lron Age (fig.  3 ) .  This 
phase began before the end of the 5th century Be 
and ended about 200 Be (van Trierum, 1 986b: p .  
69) . Af ter phase 2, marine sediments ofthe Dunkirk 
I transgression phase (clay and sand) were deposited 
on large parts of Voorne-Putten (fig .  4). On top of 
these sediments habitation remains have been found 
of phase 3, of the Late (P re-Roman) Iron Age (fig.  
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Fig. I .  Map of the Netherlands showing the situation of Voorne
Putten (black); the area is  shown enlarged in figures 2-4. 

4). This phase is dated from c. 200 Be until the last 
quarter ofthe first century Be (van Trierum, 1 986b: 
p.69). 

The landscape of Putten during habitation phases 
I and 2 was a peat landscape. The peat showed 
elevations and depressions. Most sites were situated 
on an elevation (van Trierum, 1 986b: e.g.  figs 1 3 , 1 5  
and 20) .  The depressions probably provided some 
drainage ofthe peat. The sites of phase 3 are situated 
on top ofthe Dunkirk I deposits, that were laid down 
on parts of Voorne-Putten (van Trierum, 1 986b: fig .  
1 8 ) .  On account of thi  s difference in geological 
situation, different vegetation types prevailed in the 
surroundings of the sites of the three Iron Age 
phases. 

The vegetation during phase l and 2 mainly con
sisted of three components : l) swamps with some 
open water, the wooded parts being dominated by 
alder and willow; 2) moist heath of Erica and gras
ses, with shrubs of bog-myrtle, Myrica gale, thi s 
heath being passable (Bakels, 1 986) ;  and 3) forests 
on mineral subsoil such as river banks, in which 
various tree species including oak (Quercus) and 
elm (U/mus) occurred. This is the driest vegetation 
type. The extent and localization ofthese vegetation 
types are currently being studied (Brinkkemper, in 
prep . ) .  The heath would have been suitable for ani
mal husbandry. Arable farming on a small scale was 
only possibIe on mineral and drier parts of the 
landscape (Brinkkemper, in prep .) .  

During phase 3 ,  the river banks and former river
beds of the Dunkirk I deposits were wooded with 
oak, hazel, ash, maple, apple and some other trees 
(Bakels ,  1 986:  p. I). The sites of thi s phase were 
limited to the Dunkirk I deposits and thus situated in 
thi s vegetation type. This relatively dry type of 
vegetation would have been suitable for animal 
hus.bandry. This part of the landscape was also 
suitable for arable farming, and on a larger scale 

E3a 

V 

V v 

v v 

v v v 

v v 

v v v 

v v v v v v 

v v v v v v 
H v v v 

v v v 
o 5km , , 

v 

v 

v 

v 

---- I 
I V I b 1- __ -

�c 

'-10 ' , 2 , v, V 
I I ., 

v,., I V S v 
v v 

v v V 

v v 
v v 

Fig. 2. Palaeogeographical situation of 
Voorne-Putten during Iron Age phase l ,  
c.  700-500 Be (after van Staalduinen, 
1 979; Hallewas & van Regteren Altena, 
1 980, and van Trierum, pers. comm. on 
the distribution of Dunkirk O deposits). 

v a. distribution of Dunkirk O deposits; b. 
v possibie distribution ofDunkirk Odeposits; 

v c. Hol l and peat; S. Spijkenisse; H. 
Hellevoetsluis, R. Rockanje; B.  BrielIe; 
the sites belonging to this phase that 
have been studied archaeozoologically  
are: l .  1 7-35; 2. 1 0-69. 
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v v 
Fig. 3. Palaeogeographical situation of 

v v v v 
Voorne-Putten during leon Age phase 2, 
c. 400-200 BC (af ter van Trieruin, 1 986b). v v v R 
a. Holland peat; b. are as with Dunkirk I v v v 
gullies, that were or became active during v v 
phase 2; S. Spijkenisse; H. Hellevoetsluis; 

v v v 
R. Rockanje; B. BrielIe; the sites belonging 
to this phase that have been studied v v 

archaeozoologically are: l .  1 7-35 (also v v 
phase I and I or 2);  2. 1 0-74; 3 .  1 7- 34; H 
4. 1 7-40; 5. 1 7-5 1 ; 6. )7-55; 7 . 1 7-56; 8. 
1 8 -06; 9 .  1 8-28; I O. 1 8 -29; Il . 1 8-30; Skm 
1 2. 1 0-28; 1 3. 1 7 - 1 4; 1 4. 1 8-50; 1 5 .  1 7- , 

1 8 .  

Fig. 4 .  Palaeogeographical situation of 
Voorne-Putten during leon Age phase 3, 
c. 200-25 BC (after van Staalduinen, 
1 979; Hallewas & van Regteren Altena, 
1 980; van Trierum, 1 986b). a. Distribution 
of Dunkirk I deposits; b. possibie  
distribution of  Dunkirk I deposits; c. 
Holland peat; S. Spijkenisse; H. Helle- v v 
voetsluis; R. Rockanje; B. BrielIe; the v 
sites belonging to phase 3 that have been 
studied archaeozoologically are: I .  08-
06; 2.  09-08; 3 . 10- 1 10; 4. 1 7-23; 5. 1 7 -
4 1 ;  6. 1 7-44; 7 .  1 7-22; those belonging o Skm 

I I 

to phase 2 or 3: 8. 1 7-33; 9. 1 7-36. 

than in phases l and 2 (Brinkkemper, in prep. ) .  The 
landscape outside the Dunkirk I sedimentation area 
was covered with peat, that was most probably not 
inhabited at all (van Trierum, pers. comm. ) .  

3 .  THE SITES STUDIED ARCHAEOZOOLOGI
CALLY 

As was stated in the introduction, P.J .A. van Mensch 
studied in the 1 970's and 1 980's the faunal remains 
from 8 lron Age sites from Voorne-Putten. His un
published results are summarized in appendix 2. M .  
Seernan identified remains o f  perch and Cyprinidae 
from site 1 7-30 (phase 1 )  (see van Trienim, 1 986a). 

I myself studied nineteen other sites. Most of 
these were inhabited during only one of the three 
phases. Site l 7-35 was occupied during phase l as 
well as phase 2 (van Trierum, 1 986b: fig .  7a). It was 
abandoned in the interval between phase 1 and 2. 
Only a certain proportion of the faunal remains 
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could be ascribed to either phase 1 (tab1e 1 )  or phase 
2 (table 2), while the rest have been attributed to 
phase l or 2 (table 4 ) (see also appendix l ) . The sites 
1 7-33 and 1 7-36 were inhabited in ph ase 2 and/or in 
phase 3 (tab1e 5) (van Trierum, pers . comm.)  (tables 
1 -3 and appendix l ) . 

The state ofpreservation of the faunal remains va
ried . That of the bones of the sites of phase l (fig.  2) 
was rather poar, probably because of the peat cover 
on top of the habitation levels (see above). The 
Dunkirk I clay sediments on top of the habitation 
levels ofphase 2 would have ensured good preserva
tion conditions for the bones ofthe sites of that phase 
(fig.  3 ) .  This may explain the generally better condi
tion of faunal remains from phase 2, although local
ly worse conditions prevailed. The state ofpreserva
tion of the faunal remains from the sites of phase 3 
(fig.  4) varied too. Generally, it was comparable to 
that of phase 2. A number of sites of phase 3 lay 
above the average groundwater level . 

One of the sites that I studied belonged to phase 
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1 , 1 1  to phase 2 and 6 to phase 3 (figs 2-4) .  These 
numbers are in accordance with the numbers of the 
sites demonstrated archaeologically :  few of phase 1 ,  
many of phase 2 ,  rather few of phase 3 (compare figs 
2-4 and section 1 ) . 

4. THE ANIMAL SPECIES BRED OR CAUGHT 

4. 1 .  The ani mal species represented by bones 

The numbers of bones identified to species and the 
numbers of unidentified bones from the 1 9  sites that 
I studied are l isted in appendix 1 .  In tables 1 -6 these 
numbers are summarized for each phase and for all 
phases together. A total of 42 bones was found in 
phase l, of which 24 could be identified. Cattie (figs 
6- 1 4), sheep (figs 1 5 - 1 6) ,  mallard (fig. 23) and 
sturgeon (fig.  24) have been identified (table 1 ) . 
Seeman found in site 1 7-30 (phase l )  remains of 
perch, Percajluviatilis, and of unidentified Cyprini
dae (van Trierum, 1 986b).  Van Mensch identified 5 
remains of cattle and 3 of horse for phase l (s ite 1 0-
69); 24 were unidentifiable (appendix 2) . 

The sites of phase 2 that I studied yielded 1 ,704 
bones, of which 934 could be identified to species. 
Dog (fig. 1 9) ,  horse, pig (fig.  1 7) ,  cattle, sheep, 
beaver (fig. 22) , fox (fig.  20) ,  red deer (fig . 25) ,  
hero n and sturgeon were represented by bones in 
sites of this phase (table 2 and appendix l ) .  Bird· 
species other than heron could possibly be represen-

ted in the material, as three bird bones remained 
unidentified (table 2). Van Mensch identified 675 
bones of phase 2 (site 1 0- 1 8, 1 7- 1 4, 1 8-50, 1 7- 1 8  
and 1 8-30) .  He identified dog, horse, cattle, sheep/ 
goat, pig, red deer and roe dee r (appendix 2) .  The 
find of roe deer was a shed antler. 

The sites of phase 3 that I studied yielded 4 1  
bones, ofwhich 28 could b e  identified. Cattle, sheep/ 
goat, mute swan and sturgeon were represented by 
bones (table 3 ) .  Van Mensch identified remains of 
horse, cattle, sheep/goat and pig in site 1 7-22 (ap
pendix 2). Two ossa opercularia from this site that 
he had left unidentified proved to be of Abramis 
brama, bream, of the Cyprinid family.  

S ite 1 7-35 was inhabited in phase l and in phase 
2. A proportion of the bones, 1 35 ,  could have come 
from either of these phases. Among these bones dog, 
pig, cattle, sheep, beaver, otter (fig. 2 1 )  and sturgeon 
were identified. The 1 8  pig bones came from the 
same spot, and probably originated from the same 
young pig (table 4) .  

The sites 1 7-33 and 1 7-36 were inhabited during 
phases 2 and 3. A total of 1 63 bones ha ve been found 
in these sites, of which 1 1 8 could be identified. 
Among these bones dog, horse, pig, cattie, sheep, 
sturgeon and thin-lipped or thick-lipped grey mullet 
have been identified (table 5 ) .  

Sheep were definitely kept on  Voorne-Putten in 
the Iron Age. No bones in the material listed in tables 
1 -5 showed the features that are characteristic for 
go at (Prummel & Frisch, 1 986) .  Therefore it is 

Table I .  Frequencies of faunal remains from phase I (sile 17-35, part iy).  N :  number of remains of each species; weight: the weight i n  
g of the remains of each species; % d o m :  percentage of total domestic mammals; % idf: percenlage of tolal remains identified; indel :  
remains that could nol be identified. 

Species 

Bos taurus (cattie) 
Ovis aries (sheep) 
Ovis/Capra (sheep/goat) 

Total domestic mammals 

Anas platyrhynchos (mali  ard) 
Acipenser sturio (sturgeon) 

Total identified 

Indet, size cattle/horse 
Indet, size sheep/goal/pig 

Tolal unidentified 

Identified + unidentified 

% identified 

N 

1 9  
I 
2 

22 

24 

9 
9 

1 8  

42 

% dom 

86.4 
4.6 
9 . 1  

% idf weight 

79.2 277 
4.2 6 
8 .3  13  

9 1 .7 296 

4.2 I 
4.2 2 

299 

32 
8 

40 

339 

57 . 1  

% dom 

9 3 . 6  
2 .0  
4.4 

% idf 

92.6 
2 .0 
4.3 

99.0 

0.3 
0.7 

88.2 
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Table 2. Frequencies of faunal remains from phase 2 (sites 1 0-74, 1 7 -34, 1 7  -35 (partIy), 1 7  -40, 1 7 -51, 17-55, 1 7  -56, 1 8-06, 1 8-28, 1 8-
29, 1 8-30). N :  number of remains of each species; weight: the weight in g of the remains of each species; % dom: percentage of total 
domestic mammals; % idf: percentage of total remains identified; indet: remains that could not be identified. 

Species N % dom 

Canis fami l i aris (dog) 12 1 .3 
Equus cabal lus  (horse) 5 0.5 
Sus domesticus (pig) 69 7 .5  
Bos taurus (cattIe) 683 73.9 
Ovis  aries (sheep) 1 2  1.3 
Ovis/Capra (sheep/goat) 1 43 1 5 .5 

Total domestic mammals 924 

Castor fiber (beaver) 3 
Vulpes vulpes (fox) I 
Cervus elaphus (red dee r) I 

Total wi ld  mammals 5 

Ardea cinerea (heron) I 
Aves, unidentified ( i ndet bird) 3 

Total birds 4 

Acipenser sturio (sturgeon) 

Total identified 934 

Indet, size cattle/horse 435 
Indet, size sheep/goat/horse 1 83 
Indet, size unknown 1 52 

770 

Identified + u nidentified 1 ,704 

% identified 

assumed that the bones l isted in these tables as 
'sheep/goat ' were actual!y of sheep, and that goat 
was absent. 

Domestic cats were not kept on Voorne-Putten in 
the Iron Age (tables 1 -5 and appendix 2). In this 
respect this area is no exception, as dornes tic cat is 
absent from all Dutch Iron Age sites studied up until 
now. Bones of domestic cat have only been found in 
sites dating from after the beginning of the Christian 
era. 

Remains of dornes tic fowl,  Gallus gallus dames
ficus, were abs en t in the Iron Age sites studied by 
van Mensch (appendix 2) and me (tables 1 -5 ) .  Pre
sumably domestic fowl was absent or at most very 
scarce in the Netherlands in the Iron Age. Sites 
without bones of dornes tic fowl incIude: Achthoven 
(van Mensch, 1 975) ,  Stevenshofjespolder I,  Bosch
en Gasthuispolder and Wassenaar-ter Weer (van 
Heeringen, 1 982), Stevenshofjespolder IV (van 
Heeringen, 1 984), Assendelft (Seernan, 1 987;  van 

% idf weight % dom % idf 

1 .3 469 3 . 0  3 .0  
0 .5  530 3.4 3.4 
7 .4 795 5 .0  5 .0 

73. 1  1 3 , 1 29 83.5  8 3 .0 
1 .3 1 02 0.6 0.6 

1 5 .3 708 4.5 4.5 

98.9 1 5 ,733 99.5 

0.3 35 0.2 
0. 1 20 0. 1 
0. 1 1 8  0. 1 

0.5 73 0.5 

0 . 1  2 0.0 
0.3 I 0.0 

0.4 3 0.0 

0. 1 4 0.0 

1 5 , 8 1 3  

1 ,3 8 1  
1 90 
1 1 0 

1 ,6 8 1  

1 7 ,494 

54.8 90.4 

Wijngaarden-Bakker, 1 988) ,  Spanjaardsbergje, 
Vlaardingen-Old People ' s  Home and Vlaardingen
Broekpolder (Clason, 1 967B), Culemborg and Driel 
(Clason, 1 980), Tritsum and Haaren (Clason, pers . 
comm.) ,  Paddepoel (Knol, 1983 ) .  The only Iron Age 
site with a single bone of domestic fowl is Amster
damse Waterleidingduinen (Clason, 1 967B : table 
1 8) .  The Romans introduced dornes tic fowl into the 
Netherlands or promoted domestic fow I breeding on 
large scale (Pruminel , 1 987c) .  

4.2.  Numbers of remains and bone weights 

The proportions of numbers of remains (N) and bone 
weights (weight) vary considerably from phase to 
phase (tables l -S ) .  For example, the proportion of 
the number of remains of cattle varies between 36% 
(phase 3, table 3)  and 79% (phase 1 ,  table l ) .  Howe
ver, the proportions may be biased by the smal! 
sample sizes, especially in the case of phases l and 
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Table 3. Frequencies of faunal remains from phase 3 (sites 08-06, 09-08, 1 0- 1 1 0, 1 7-23, 1 7 -4 1 ,  1 7-44). N: number of remains of each 
species; weight: the weight in g of the remains of each species; % dom: percentage of total domestic mammals; % idf: percentage of total 
remains identified; indet: remains that could not be identified. 

Species N % dom 

Bos tau rus (cattie) I O  7 1 .4 
Ovis/Capra (sheep/goat) 4 28.6 

Total domestic mammals 1 4  

Cygnus olor (mute swan) l 
Acipenser sturio (sturgeon) 1 3  

Total identified 28 

Indet, size cattle/horse 4 
Indet, size sheep/goat/pig 8 
Indet, size unknown l 

Total unidentified 1 3  

Identified + u nidentified 4 1  

% identified 

% idf weight 

35.7 1 07 
14.3 9 

50.0 1 1 6 

3.6 2 
46.4 35 

1 53 

1 6  
8 
l 

25 

1 78 

68.3 

% dom 

92.2 
7 . 8  

% idf 

69.9 
5 . 9  

75 .8  

1 .3 
22.9 

86.0 

Table 4. Frequencies of faunal remains from ph ase l or 2 (site 1 7-35,  partiy). N :  number of remains of each species; weight: the weight 
in  g of the remains of each species; % dom: percentage of total domestic mammals; % idf: percentage of total remains identified; indet: 
remains that could not be identified. 

Species 

Canis familiaris (dog) 
Sus domesticus (pig)* 
Bos taurus (cattie) 
Ovis aries (sheep) 
Ovis/Capra (sheep/goat) 

Total dornes tic mammals 

Castor fiber (beaver) 
Lutra lutra (otter) 

Total wild mammals 

Acipenser sturio (sturgeon) 

Total identified 

Indet, size cattle/horse 
Indet, 'size sheep/goat/pig 
Indet, size unknown 

Total unidentified 

Identified + unidentified 

% identified 

N 

l 
1 8  
5 8  

2 
1 8  

97 

2 

2 

1 0 1  

3 1  
2 
l 

34 

1 35 

% dom % idf 

1 .0 1 .0 
1 8 .6 1 7 . 8  
59.8  57.4 

2 . 1 2 .0 
1 8 .6 1 7 . 8  

96.0 

1 .0 
1 .0 

2.0 

2.0 

74.8 

weight 

37 
75 

1 ,7 86 
7 

74 

1 ,979 

9 
5 

1 4  

1 4  

2,007 

1 3 1  
2 
l 

1 34 

2, 1 4 1  

% dom 

1 .9 
3 . 8  

90.2 
0.4 
3.7 

% idf 

1 .8 
3 .7 

89.0 
0.3 
3.7 

98 .6 

0.4 
0.2 

0.7 

0.7 

93.7 

* 1 8  bones (skuli, mandibula, 4 cervical vertebrae, 5 thoracic vertebrae, 4 ribs, humerus, ulna and astragalus) from one and the same spot: 
site 1 7-35, number 538;  as far as could be ascertained, all from (a) young piges) (younger than 1 2  months): possibly all 1 8  bones from 
the same individual. ' 
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3 .  Therefore it is not possibie to ascertain any diffe
rences between the three Iron Age as regards the 
exploitation of animais by the farmers of these 
periods. 

The identification rate was low : between 55 and 
75% of the bones from the various phases could be 
identified (tables 1 -5 ) .  The fragmentary state of the 
bones (see section 5 .4) and the poor state of preser
vation of some of the bones account for these low 
identification rates. The identified remains constitu
ted between 86 and 96% of the total bone weights 
(tables 1 -5 ) .  This means that many of the larger 
fragments could be identified, whereas most of the 
small fragments were unidentifiable (compare figs 
6- 1 7  and fig .  1 8) .  Van Mensch identified 52% of the 
remains that he studied (appendix 2) .  This figure is 
comparable to the identification rates for numbers of 
æmains in tables 1 -5 (N.B.  van Mensch did not 
weigh his material) .  

Remains o f  dom e s  tic mammals were the most 
numerous.  They made out between 50 and 99% of 
the identified remains, with an average of 97 .3% 
(tables 1 -6) .  In terms of bone weight the proportion 
of domestic mammals was even higher: 76-99 . 8 %  
(with a n  average o f  99.3% for the three phases).  I f  
w e  add the quantities for the unidentified remains (n 
= 8 80, weight = 2,039 g, for the three phases toge
ther) to those for the domestic mammals ,  assuming 

that most of the unidentified remains come from 
bones of this group, then the average proportion 
becomes 98 .5% ofthe number ofremains and 99.3% 
of the bone weight. The sites studied by van Mensch 
had nearly the same proportions for domestic ani
mais as the sites of table 6: 99% of the identified 
remains (appendix 2) .  

Remains of sturgeon were rather common: they 
amounted to 1 .5% of the number of identified re
mains from the three phases together (table 6) .  They 
seem to be especiaIly common in phase 3 (table 3) ,  
but  here we need to  be cautious because of the small 
sample size. The absence of remains of sturgeon in 
the sites studied by van Mensch is very striking, 
because of the characteristic shape and structure of 
sturgeon bones (appendix 2). 

Thin-lipped or thick-lipped grey mullet (table 5) ,  
bream (appendix 2) and possibly other Cyprinidae, 
and perch (see van Trierum, 1 986b) were found in 
small numbers . No sieving took place on the Iron 
Age sites on Voorne-Putten. Sieving could have 
yielded larger numbers of bones of fish and birds. 

Wild mammal remains amounted to 0 .6% of the 
number of identified remains for the three phases to
gether (table 6). This proportion is nearly identical 
to that in the sites studied by van Mensch (0.5%) 
(appendix 2) .  He did not find any bird remains, 
while bird bones accounted for 0 .5% of the number 

Table 5. Frequencies of faunal remains from phase 2 or 3 (sites 1 7-33 and 1 7-36). N:  number of remains of each species; weight: the 
weight in g of the remains of each species; % dom: percentage of total domestic mammals; % idf: percentage of total remains identified; 
indet: remains that could not be identified. 

Species N % dom % idf weight % dom % idf 

Canis  familiaris (dog) I 0.9 0.8 1 6  0.4 0.4 
Equus  caballus (horse) 2 1 .7 1 .7 364 10 .2  10 .2 
Sus domestic u s  (pig) 3 2 . 6  2 . 5  2 9  0 . 8  0 .8  
Bos taurus (cattie) 90 77 .6  76.3 2,98 1 83 .3  83 .2 
Ovis  aries (sheep) 6 5 . 2  5 . 1 5 1  1 .4 1 .4 
Ovis/Capra (sheep/goat) 1 4  1 2 . 1  1 1 .9 1 36 3 . 8  3 . 8  

Total domestic mammals 1 1 6 98.3 3,577 99.8 

Acipenser sturio (sturgeon) 0 .8  7 0.2 
Liza ramada/Chelon labrosus 0.8 I 0.0 
(thin-/thick-lipped 
grey mullet) 

Total fish 2 1 .7 8 0.2 

Total identified 1 1 8 3,585 

Indet, size cattle/horse 33 1 4 1  
Indet, size sheep/goat/pig 9 1 5  
Indet, size unknown 3 3 

Total unidentified 45 1 59 

Identified + unidentified 1 63 3,744 

% identified 72.4 95.8 



242 W. PRUMMEL 

of identified remains from the sites that I studied 
(table 6) .  

4 .3 .  The frequencies of the domestic mammals 

About three-quarters of all bones of domestic 
mammals were cattle bones (between 60 and 79% 
for the individual phases, and 73% for the average of 
the three phases; tables 1 -6) .  Van Mensch (appendix 
2) found a sl ightly higher proportion of cattle bones : 
8 1  % of the number of bones of dornes tic mammals 
(appendix 2) .  

Sheep is in second place among the dornes tic 

mammals :  between 8 and 1 8  % of the bones of 
dornes tic mammals (with an average of 1 7%) are 
sheep or sheep/goat bones (tables 1 -6) .  Van Mensch 
found a lower proportion (on average 7%) of sheep 
bones among the bones of domestic mammals 
(appendix 2). The reason for the differences in pro
portions of cattIe and sheep between table 6 and 
appendix 2 is uncertain. Biological or cultural cau
ses are rather improbable, because a) the kinds of 
environment of the sites studied by van Mensch and 
by myself were the same and b) the sites of each 
phase were culturally identical (van Trierum, 1 986b). 
These differences in proportions are therefore most 
probably fortuitous.  

Table 6. Frequencies of faunal remains from phases 1 -3 ,  I or 2 and 2 or 3 combined (consolidation of tables 1 -5) .  N:  number of remains 
of each species; weight: the weight in g of the remains of each species; % dom: percentage of total domestic mammals; % idf: percentage 
pf total remains identified; indet: remains that could not be identified. 

Species N % dom % idf weight % dom % idf 

Canis familiaris (dog) 1 4  1 .2 1 .2 522 2 .4 2.4 
Equus caballus (horse) 7 0.6 0.6 894 4 . 1 4 . 1  
S u s  domesticus (pig) 90 7 .7  7 .5  899 4 . 1  4 . 1  
Bos taurus (cattie) 860 73 .3 7 1 .4 1 8 ,280 84.2 83.6 
Ovis aries (sheep) 2 1  1 .8 1 .7 1 66 0.8  0 .8  
Ovis/Capra (sheep/goat) 1 8 1  1 5 .4 1 5 .0 940 4.3  4.3 

Total domestic mammals 1 1 73 97.3 2 1 ,70 1 99.3 

Castor fiber (beaver) 4 0.3 44 0.2 
Vu1pes vu1pes (fox) 0 . 1  20 0 . 1  
Lutra lutra (otter) 0. 1 5 0.0 
Cervus elaphus (red dee r) 0. 1 1 8  0. 1 

Total wild mammals 7 0.6 87 0.4 

Ardea cinerea (heron) I 0. 1 2 0.0 
C;-gnus olor (mute swan)2 I 0. 1 2 0.0 
Anas platyrhynchos (mallard)3 I 0. 1 0.0 
A ves (bird, indet) 3 0.2 0.0 

Total (wild) birds 6 0.5 6 0.0 

Acipenser sturio (sturgeon)4 1 8  l .5 62 0.3 
Liza ramada/Chelon labrosus I 0. 1 I 0.0 

(thin-/thick-lipped 
grey mullet)s 

Total fish 1 9  1 .6 63 0.3 

Total identified 1 205 2 1 ,857 

Indet, size cattle/horse 5 1 2  1 70 1  
Indet, size sheep/goat/pig 2 1 1  223 
Indet, size unknown 1 5 7  1 1 5 

Total unidentified 880 2039 

Total 2085 23,896 

% identified 57.8 9 1 .5 

I )  a coracoid; 2) a lumbal vertebra; 3) a scapula; 4) 1 4  dermal plates, 2 spina pinnae pectoralis, a fulcral bone and a keratohyale; 5) an 
operculum. 
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Pig accounts for c .  8% of the bones of dornes tic 
mammals (table 6 and appendix 2). Horse bones 
were slightly more numerous in the sites studied by 
van Mensch (appendix 2) than in those that I studied 
(tables 1 -6) .  Dog bones were slightly more nume
rous in the sites that I studied (tables 1 -6) than in 
those studied by van Mensch (appendix 2) ( 1 .2 
against 0.7%).  The differences in proportions of 
horse and dog are considered to be fortuitous . 

The remains of dornes tic mammals of table 6 and 
appendix 2 together show the folIowing proportions 
for the three phases : cattle 75%, sheep(/goat) 1 5%,  
pig 8%,  horse l % and dog 1 %. These proportions are 
rather approximate, and represent average values 
for the three phases. This averaging was necessary 
in view of the small sample sizes. 

5 .  ASPECTS OF ANIMAL HUSBANDRY 

5 . 1 .  The size and shape of the domestic animaIs 

A general meas ure of the size of domestic mammals 
is the height at the withers, that is  usually calculated 
by multiplying the length of a bone with a factor 
obtained by the study of modem material (von den 
Driesch & Boessneck, 1 974). 

Only four cattie bones were sufficiently complete 
to perrnit the measurement oftheir maximum length: 
a metacarpus from site 1 7-34, phase 2, ( 1 87.5 mm), 
a metacarpus from site 1 7-22, phase 3 ,  ( 1 84 mm), a 
metatarsus from site 1 7-34, phase 2, (2 1 1 mm) and 
a metatarsus from site 17-55, phase 2,  ( 1 97 mm) (the 
last value was estimated) . The factors of Von den 
Driesch & Boessneck ( 1 974) gave values of height 
at the withers of 1 . 1 5  m, 1 . 1 3  m, 1 . 1 5  m and 1 .07 m, 
respectively. 

The regression equations of van Wijngaarden
Bakker & Bergstrom ( 1 988) gave, for the same 
maximum lengths of metacarpus and metatarsus,  
values for the height at the withers of 1 . 1 2  m, 1 .1 1  m, 
1 . 1 2  m and 1 .06 m, respectively. These results are 
nearly identical to those obtained by using the fac
tors given by von den Driesch & Boessneck ( 1 974). 

Unfortunately, the metapodia are rather unrelia
ble indicators for the height at the withers. Prummel 
( 1 983 :  pp. 1 7 1 - 1 74) found that cattle metapodia 
gave higher values for height at the withers than 
humerus, radius, femur and tibia from the same site, 
and presumably the same cattle population. Barto
siewicz ( 1 984; 1 987) found that of the bones of the 
foreleg only the radius is a good bone for the estima
tion of height at the withers in archaeozoological 
practice. He considers humerus and metacarpus as 
less suitable for the estimation of the height at the 
withers. Van Wijngaarden-Bakker & Bergstrom 
( 1 988) consider the metapodia to be less suitable 
indicators for the height at the withers, too. 

For the maximum length of 206.2 mm of a horse 
metacarpus from site 1 7-36, phase 2/3, the table of 
Vitt (von den Driesch & Boessneck, 1 974: table 2) 
gave a height at the withers ofbetween 1 .28 and 1 .36 
m.  This was a rather smallhorse, that was,  however, 
typical for the Iron Age. During and af ter the Roman 
period an increase in size of horses has been demon
strated in the Netherlands (Prummel, 1979). 

The factors ofTeichert (von den Driesch & Boess
neck, 1 974: table 6) gave for a sheep radius from site 
1 7-34, phase 2, with a maximum length of 1 38.8 
mm, a height at the withers ofO.56 m, and for a sheep 
calcaneus of 52. 1 mm a height at the withers of 0.59 
m.  Von den Driesch & B oessneck ( 1 974: pp. 339-
340) warn that the factors for calcaneus and astraga- . 
lus may give erroneous heights at the withers, becau
se of the small size of these bones. No maximum 
lengths of bones of pig were available for estimation 
of the height at the withers of p ig .  

The Iron Age cattle o n  Voorne-Putten had horns. 
At least, a few cattle horn cores have been found 
(tab le 18) .  It is not certain whether the sheep had 
horns.  No sheep horn co res have been found, but the 
sheep crania were poorly preserved. 

5 .2 .  The age at death of the domestic animaIs 

For section 5.2 only data from the sites that I studied 
have been used. Two kinds of data on the age at 
death were available in the material : data on the 
eruption, replacement and wear of teet h and data on 
the fusion of the epiphyses. The age criteria of 
Habermehl ( 1 975) have been used. 

5 .2. 1 .  Cattle 

Phase 2. A total of 1 39 bones of cattle gave informa
tion on the age at death of cattle in phase 2 (tables 7 
and 8).  Nine of these were of foetuses in the last 
quarter of gestation or of calves that died at birth 
(Prummel, 1 987b; 1 988) .  The cause of these foetal 
or neon at al deaths is unknown. 

The teeth and epiphyses indicate that of the cattle 
that survived birth only 8% died in their first year 
(table 7, age limit 2.t; table 8, age limit 2.e). About 
30-40% died in the second, the third or the first half 
ofthe fourth year. This is  deduced from age limits 7 . t  
in table 7 and 5 .e  in table 8,  that indicate that at the 
age of 36-42 months 50% and 43% of all individuals 
had been killed, respectively. As the relation betw
een tooth wear and age is  uncertain, the age data of 
teeth and epiphyses cannot strictly be correlated 
with each other for the ages older than 3 years (table 
7, age l imits 8 - 1  O.t) .  Data from teeth and epiphyses 
both indicate that no cattle grew very old (the unfu
sed vertebral c:;piphyses indicate that no cattle rea
chedthe age of 9 years). I estimate that c. 25% of all 
cattle died between 3-31/2 and 41/2 years, and c. 35% 



244 W. PRUMMEL 

Table 7. Teeth age data af cattle in phase 2, maxilla and mandibula combined, with the proportions af cattle killed during each age phase 
and the cumulative proportions af cattle killed during and befare each age ph ase. 

Age 
limit 

Criterion 

Age phase exactly knolvn 
l .t M I  erupting 
2 . t  MI  erupted 
3 . t  M2 erupting 
4.t M2 erupted 
5 . t  M3 erupting 
6.t P2-4 erupting 
7 . t  e n d  af eruptions 
8 . t  M3 moderately wom 
9. t  M3 distinctly wom 
l O. t  M3 extremely wom 

Total 

Age phase roughly knolVIl 
M3/P2-4 not yet erupting 

Total number bf tooth data 

Age in 
months 

4-6 
7- 1 4  
1 5 - 1 8  
1 9-24 
25-28 
29-34 
36 
>36 
» 36 
» >36 

<25-28 

Number K i l led  
af  jaws during befare 

% % 

2 5 . 0  
1 2.5 5 .0 

7 .5  
I 2.5 7 .5 
4 1 0.0 1 0.0 
2 5 .0 20.0 

1 0  25.0 25.0 
50.0 

20 50.0 50.0 
1 00.0 

40 1 00.0 

4 1 4.0 * 

44 

* This percentage is the fraction af all tooth data that originate from cattle slaughtered befare the age af 25-28 months, 
namely 1 00 (4+2+ 1 + 1 )/44. 

Table 8. Age data af epiphyses af cattle in phase 2 (information an the ages af fusion from Habermehl ,  1 975).  

Limit Age in Number Number Total 
months fused % unfused % 

l .e 7 - 1 0  7 1 00 
2.e 1 2-20 23 92 2 8 
3.e 20-24 I O  9 1  I 9 
4.e 24-30 20 9 1  2 9 
5.e 36-42 4 57 3 43 
6.e 42-48 3 33 6 67 
7 .e 9 years 5 1 00 

Total 67 1 9  8 6  

Epiphyses fusing at age limit:  
I .e:  scapula d (4 fused) and pelvis-acetabulum (3 fused); 2.e: humerus d (6 fused, I unfused), radius p ( I O  fused, 1 unfused) and phalanx 
II p (7 fused); 3.e: phalanx I p ( l O fused, 1 unfused); 4.e: tibia d (7 fused, 1 unfused), metacarpus d (3 fused), metatarsus d (6 fused) and 
metacarpus ar metatarsus (4 fused, 1 unfused); 5.e: femur p (I fused, 1 unfused) and calcaneus p (3 fused, 2 unfused); 6.e: ulna p and 
d (no data) , humerus p ( I  fused, 2 unfused), radius d ( I  unfused), femur d ( I  fused, 1 unfused) and tibia p ( I  fused, 2 unfused); 7 .e :  
vertebral epiphyses (5 unfused) (p: proximal, d:  distal). 

between 4'/2 years and at most 9 years old (an 
average age at death of 6 years is assutned) (table 
9 .A). 

Meat of cal ves (0- 1 years) and yearlings ( 1 -2 
years) was hardly eaten on Voorne-Putten in phase 
2 ofthe Iron Age (table 9 .A). The bones of cattle that 
died in their first or second year, c. 20% of the total, 
probably originate from animais that died naturally . 
Mass slaughter of cattle (45%) occurred at ages 
between 2 and 41/2 years, i .e .  of animais that had 
pro duc ed progeny 1 -3 times. The last 35% of slaugh
tered cattie were killed between 4'/2 and c. 6 years. 

In conclusion, most cattle were slaughtered af ter 
they had produced enough progeny to ascertain the 
continuity of the herd, and before the meat would 
become toa tough. A decrease of milk production 
and of traction power, especiaIly in the case of oxen, 
could be other reasons for slaughtering older cattle. 

Kill-offpatterns like that of table 9.A give the age 
composition of the slaughtered cattle. It does not 
give directly the age composition of the living cattle 
herd. That kind of information would be quite help
ful if we wanted to estimate the amount of meat and 
milk available for human consumption. The age 
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Table 9. Approximate percentages of cattle of phase 2 kil led in various age phases (A), life table of cattle (B) and Iife expectation (C). 

A. Kil l-off pattern of cattle in phase 2 (consolidation of tables 7 and 8). 

Age phase 

O - I  year 
1 - 2  year 
2-3 1/2 year 
31 /2 - 41 /2 years 
41 /2 - C. 6 years 

% of cattle slaughtered (estimates) 

c.  I O  
c .  ro 
c. 20 (c. 1 3% in year 3, c. 7% in year 4) 
c. 25 (c. 1 3% in year 4,  c.  1 2% in year 5 )  
c .  35 ( c .  2 3 %  i n  year 5 ,  c.  1 2% in year 6) 

B .  Life table of Iron Age cattle of phase 2 .  X :  the number of cows or bulls (or oxen) that survived birthday B ;  Y: the number of cows 
or bulls that died between birthday B and birthday B + I ;  Z: proportions of cattle killed between birthday B and birthday B + 1 (from 
table 9.A); L: proportions of the various year groups of l iving cattle shortly af ter the birth of new offspring. 

B X Y X Y Z L 
birthday cows cows bulls bulls % % 
(years) 

O (birth) 1 00 1 0  20 1 0  1 0  25 
1 90 1 0  20 I O  1 0  23 
2 80 1 3  26 1 3  1 3  20 
3 67 20 40 20 20 1 7  
4 47 35 70 35 35 1 2  
5 1 2  1 2  24 1 2  1 2  3 
6 O O 

396 1 00 396 1 00 1 00 1 00 

C. Mean expectation o f life in years for cattle ofphase 2 at birth (B = O) and at their I st, 2nd, 3rd, 4th and 5th birthday. Way of c'alculation: 
subtract half a year from the sum of the numbers of cattle reaching the same or a higher birthday divided by the number of individuals 
reaching the same birthday. E.g.: the mean life expectancy for each of the 1 00 cows or bulls at birth is [( 1 00 + 90 + 80 + 67 + 47 + 1 2) 
/ 1 00]- 0.5 = 3 .46 years; the mean l ife expectancy for a cow or bull at its 5th birthday is ( 1 2 /  1 2) - 0.5 = 0.5 year (method after Kratochvfl 
et al., 1 986).  

Birthday 
(years) 

O 
I 
2 
3 
4 
5 

Mean life expectancy 
in years 

3 .46 
2 .79  
2 .08  
1 . 3 8  
0 .76  
0 . 5 0  

composition of the l iving herd (life table) can be 
constructed from the kill-offpattern ifthe maximum 
age of the cattle is  known or can be estimated 
(Pruinmel, 1 98 3; Kratochvfl et al . ,  1 986). 

In table 9.B the l ife table for 1 00 new-bom cows 
and 1 00 new-bom bulls/oxen of Iron Age phase 2 
has been constructed. The cattIe are assumed to have 
attained maximum ages of about six years (table 
9.A). The cattie population is assumed to be stable, 
not increasing or decreasing, with identical kill-off 
patterns for cows and bulls/oxen (as no data on the 
sex of the cattIe were available, l assumed identical 
patterns for cow and bull/oxen). The number of 1 00 
new-bom female and male cattle has been chosen for 
convenience of calculation. 

Table 9 .B shows that each yearc .  206 cows (those 
older than two years: 80 + 67 + 47 + 1 2) were 

available to supply the 200 cal ves that had to replace 
those cattle that were slaughtered or that died in 
some other way. This number would be high enough, 
because we assume that a cow delivered on average 
one calf per year. If some cows were kept a few years 
longer than the maximum of 6 years supposed or if 
fewer femaies than males were slaughtered at the 
younger age phases, then the breeding perspectives 
were even better. These factors would result  in an 
increase of the population, but would be counterba
lanced by the presence of some infertile cows. 

The age composition of the l iving herd shortly 
after the birth of the new offspring was : O year old: 
25%, l year old: 23%, 2 years old: 20%, 3 years old: 
1 7 %  old, 4 years old: 1 2% and 5 years old: 3% (table 
9 .B,  column L). Two-thirds of the l ive cattle were of 
ages younger than 3 years (25 + 23 + 20%). 
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Table I O. Age data for cattle from ph ase I ,  phase 3, phase 1/2 and 
phase 2/3 (p: prox imal,  d:  distal; for age phases see tables 7 and 
8).  

Age phase 

Phase J 
teeth data 2.t  

<25-28 months 
epiphyses 2.e 

Phase 3 
teeth data 
epiphyses 

Phase J /2 

3.e 

foetal 
4.e 
5.e 

teeth data 5 . t  
6 . t  

8/9.t  
< 25-28 months 

epiphyses I .e 

Phase 2/3 

2.e 
4.e 

5 .e 
6.e 

teeth data 4.t  
8/9.t 

<25-28 months 

epiphyses 
neonates 

Le 

4.e 

5 .e  
7 .e 

Number 

I fused (phalanx II p) 
I fused (phalanx I p) 

l unfused (metatarsus d) 
l fused (femur p) 

l 
l 
3 
2 
I fused (scapula d) 
2 fused (radius p, phalanx II p) 
2 fused (ti bia d, metatarsus d) 
I unfused (metacarpus or 

metatarsus d) 
I fused (calcaneus p) 
I fused (radius d) 

3 
8 
2 
2 
l fused (scapula d) 
I unfused (pelvis-acetabulum) 
I fused (tibia d) 
2 unfused (ti bia d, metacarpus d) 
2 unfused (femur p, femur d) 
2 unfused (vertebral epiphyses) 

A cow or bull that survived birth had a mean life 
expectancy of 3 .5  years (table 9.C).  On their first 
birthday they could expect to live on average ano
ther 2 years and 9 months; on their fifth birthday 
they could expect to l ive on average another 0.5 
year. 

Phase 1,3, 1/2,2/3. Age data for cattle in the ph ases 
1 and 3 were scarce (table 10). Ve ry roughly they 
show the same pattern as the kill-off pattern for 
cattle in phase 2: few cattle were killed at young 
ages, most at rather advanced ages. The same holds 
for the age data for cattle from either phase l or 2, 
and either phase 2 or 3 (table 1 0) .  

5 .2.2. Sheep 

p hase 2. Tables I l  and 12,  that combine the age data 

of teeth and epiphyses of sheep and sheep/goat from 
phase 2, indicate that in phase 2 most sheep died 
before or around the age of 2 years (teeth : 73% 
before or around 2 years: table I l, age limit 7 . t ;  
epiphyses: 75%:  table 1 2, age limit 3 .e).  The teeth 
age data show that many of these sheep died in the 
first year af ter birth (table I l, limit 3 .t). About 25% 
of all sheep died in the second year of their life (65 
- 45%, table I l , 6.t minus 3 .t). The ol des t sheep 
probably died younger than 4-5 years old, as no 
vertebral epiphyses have been found fused. At that 
age these epiphyses fuse. 

If we draw conclusions on the kill-off pattern of 
sheep we have to keep in mind that the number of age 
data for sheep was rather low: 21 fusion data and 18 
tooth data were available. Table 13.A presents a 
consolidated kill-off pattern that may hold roughly 
for the sheep of phase 2. The errors around these 
percentages are estimated to be 10-20%. 

On the basis of the kill-off pattern of table 13 .A, 
the hypothetical life table for sheep in phase 2 has 
been constructed (table 13 .B) .  This kill-off pattern 
has been differentiated as regards age and sex in the 
fol lowing way : 70% of the rams were kil led between 
c. 6 months and their first birthday ; 30% of rams 
were kept alive for breeding. The ewe lambs were 
kept ali ve to become pregnant at the end of the first 
year or in their second year. Ewes and breeding ram s 
were kept for reproduction for 4 years and then 
slaughtered. Decreasing growth rates and milk sup
plies, birth problems, diseases etc. may have been 
reasons killing the sheep. 

The maintenance ofthe herd of sheep would have 
been endangered if many ewe lambs were among the 
35% of sheep killed as lambs. l assurne that each ewe 
produced on average one lamb with each delivery. 
Modern ewes mature at 5-10 months, depending on 
the breed. Iron Age sheep were probably 1ate mat u
ring, at an age of, say, not less than 1 0  months. As 
gestation in sheep extends over about 5 months, 
first-year deliveries probably did not occur in the 
Iron Age sites on Voorne-Putten. 

The hypothetical life table of sheep (table 13 .B), 
that was constructed for 100 new-born ewes and 100 
new-born ram s on the basis of the kill-off pattern in 
table 1 3 .A, with an assumed maximum age of 4 
years for both sexes, revealed that annually 205 
ewes of ages over l year were available to replace 
the 200 sheep that were killed each year (table 1 3 .B:  
100 + 70 + 35) .  They could have produced these new 
offspring if no diseases, infertility, etc. occurred. If 
some gestations were twins, the maintenance of the 
sheep herd was more safely ensured. B ut twins 
would not have been very numerous in the presuma
bly unimproved Iron Age sheep of Voorne-Putten. 
For instance, the German Heath sheep (H eidschnuk
ke) ,  has only a number of 95 lambs born out of 100 
pregnant ewes (Haring et al . ,  1980: p. 1 9 1 ) . 
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Table I I . Teeth age data of sheep(/goat) from ph ase 2, maxil la and mandibula combined, with the percentages of sheep(/goat) ki l led 
during each age phase and the cumulative percentages of sheep(/goat) k i lled during and before each age phase. 

Age Criterion Age in 
l imi t  months 

Age phase exactly knowll 
I .t M l" erupting 3 
2 . t  M I  erupted 4-8 
3 . t  M2 erupting 9 
4.t  M2 erupted 1 0- 1 7  
S . t  M3,  P2-4 erupting 1 8-24 
6.t  end of eruptions c .  24 
7 . t  M3 moderately wom >24 
8 . t  M3 distinctly wom » 24 
9 . t  M3 strongly worn » >24 

Total 

Age phase roughly knowll 
M3/P2-4 not yet erupting 

Total number of tooth data 

Number 
of jaws 

1 
2 
4 
2 

2 

4 

I S  

< 1 8-24 

K i l le d  
during 

% 

7 
1 3  
27 
1 3  

1 3  

27 

l Oa 

3 

1 8  

before 
% 

7 
20 
47 
60 
60 
73 
73 

1 00 

67* 

* This percentage is the fraction of all tooth data that originate from sheep (/goat) slaughtered before the age of 1 8-24 months, 
namely l Oa (3+ 1 +2+4+2)/ 1 8 .  

Table 1 2 .  Age data o f  epiphyses o f  sheep(/goat) from p h  ase 2 ( information o n  the ages o f  fusion from Habermehl, 1 975) .  

Limit  Age in  NlImber Number Total 
months fused % unfused % 

l .e 3-4 5 1 00 
2 .e  5 - 1 0  2 1 00 
3 .e 1 5-24 1 25 3 75 
4.e 36-42 2 40 3 60 
S .e  c .  42 2 1 00 
6 .e  4-5  years 3 1 00 

Total 1 2  9 2 1  

Epiphyses fllsing a t  age l im it: 
l .e :  humerus d (5 fused); 2.e:  scapula d ( l  fused) ,  pelvis-acetabuluJll (l fused); 3 .e .  tibia d ( l  fused, 3 unfused); 4.e:  femur  p ( I  fused), 
calcaneus p C l  fused, 3 unfused); S.e. humerus p ( I  fused), tibia p ( l  fused); 6.e: vertebral epiphyses ( 3  unfused). 

Nearly half of the living sheep herd consisted of 
first-year lambs (table 1 3 .B,  L: 44.4%). The high 
mortality of (presumably) male lambs at the end of 
the first year accounted for the fact that second-year 
sheep constituted only about 29% of the whole herd. 
The age composition of sheep differs considerably 
from that of cattle (table 9 .B :  L), where cal ves make 
up only 25% of the total herd. The difference is 
caused by the younger average kill-off age in sheep 
than in cattle. 

The average life expectancies of first-year ewes 
and rams in  this hypothetical life table were quite 
different : a ewe that survived birth could expect to 
live for on average 2 .55 years , a first-year ram on 
average 0.95 year (= 1 1 1/2 months). On their first 

birthday a ewe could expect to live another 1 .55 year 
on average, the few rams another year. On their 
second birthday both sexes could expect to live 
another year. Af ter 3 years, at the third birthday, 
ewes and ram s could expect to live only another 
half-year (± 0.5 year), on average. 

The sex of the adult sheep can be deduced from 
the pelvis (Boessneck et al . ,  1 964; Prummel & Frisch, 
1 986).. Two pelves of adult ewes indicate that at leas t 
some ewes reached full maturity. No pelves of male 
adult sheep have been found. Although the number 
of adult pelves is  small , they do not contradict the 
supposition expressed in table 1 3 .B that female 
sheep preponderated among the adult sheep . 
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Table 1 3 . Approxirnate percentages of sheep of phase 2 killed in 
various age ph ases (A), l ife table of sheep (B) and mean l ife 
expectancy of ewes and rarns at different ages (C).  

A .  Kil l -off pattern of sheep (consolidation of tables IO and I I ) 

Age phase% of sheep slaughtered 

first year 
second year 
third and fourth year 

c. 3 5  
c.  2 5  
c. 40 ( c .  20% in each) 

B. Life table ofewes and rarns oflron Age phase 2 .  X: the nurnber 
of ewes or rarns that survived birthday B; Y: the number of ewes 
or ram s that died between birthday B and birthday B + l ;  Z: 
proportions of sheep kil led between birthday B and birthday B + 
I (from table 1 3 .A); L: proportions of the various year groups of 
l iving sheep shortly af ter the birth of new offspring. 

B X 
birthday ewes 
(years) 

O (birth) I OD 
l I OD 
2 70 
3 35 
4 O 

305 

y 
ewes 

O 
30 
35 
35 

IOD 

X 
ram s 

I OD 
30 
I O  
5 
O 

1 45 

y 
rarns 

70 
20 

5 
5 

1 00 

Z 
% 

L 
% 

35 44.4 
25 28.9 
20 1 7 . 8  
20 8.9 

I OD I OD 

C: Mean l i fe expectancy in years for ewes and ram s of phase 2 
at birth (B = O) and at their I st, 2nd, 3rd, 4th and 5th birthday. For 
way of calculation see section of table 9 .C.  

B irthday Mean l ife expectancy in years 
(years) ewes rarns 

O (birth) 2.55 0.95 
l 1 .55 1 .00 
2 1 .00 1 .00 
3 0.50 0.50 

Table 1 4. Age data for sheep from ph ase l ,  phase 1/2 and phase 
2/3 (p: proxirnal,  d:  distal; for age phases see tab les 12 and 1 3) .  

Phase l 
epiphyses 

Phase 112 
teeth data 
epiphyses 

Phase 2/3 
teeth data 

epiphyses 

Age phase Nurnber 

3 . e  I unfused (rnetacarpus d )  

l . t 
2 .e  l unfused (scapula d)  
6 . t  I unfused (vertebral epiphysis) 

6 . t  I 
7/8 . t  3 

l .e I fused (radius p) 
2 .e  3 fused ( l  scapula d,  2 pelvis-aceta 

bul urn) 
5 . e  I fused (radius d )  

P hase l ,  3, 1/2 ,  2/3. The age data of sheep in ph ase 
l were very seanty (table 1 4) .  Therefore no eonelu
sions on the kill-off patterns for sheep in this phase 
ean be drawn. The same holds for the age data for 
sheep from either phase l or 2, and either phase 2 or 
3 (table 1 4) .  From phase 3 no age data for sheep are 
present. The age data for sheep in table 1 4  show 
about the same pattern as the kill-off pattern for 
sheep in phase 2: some jaws and epiphyses are from 
sheep that died at rather young ages, others from 
sheep that died somewhat older. 

5 .2 .3 .  Pig 

Beeause of the small numbers of data on the age at 
death of pig in the various phases, these are presen
ted together in tables 1 5  and 1 6. In the key s of these 
tables it is  indieated whieh age data originate from 
whieh Iron Age phase. A total of 24-45% of the pigs 
were killed in their l st and 2nd year of life (table IS ,  
age limit 5 . t :  25%,  6 . t :  45%;  table 1 6, age limit 2 .e :  
25%). The high pereentage for the first year alone 
(25 %) in table 1 6  ( 1 .e) may be biased by the small 
number of epiphyses. Therefore, I estimate that 
about 1 0% of the pigs were killed at ages under 1 
year (table 1 7) .  

Abou t 15  % of  all pigs died in their seeond year 
(table 1 5 :  5 .t - 2 . t) ,  and about 20% around their 2nd 
birthday (table IS, 6.t) (table 1 7) .  The other 55% of 
pigs died older than 24 months. At what exaet ages 
they died is unknown, but as heavily worn molars 
have not been found (tooth wear is eorrelated with 
age) , the maximum ages were probably not very 
high. A tibia that was proximally fused indieates that 
atleastone pig was killed when it was olderthan 3 1/2 
years. As no fused vertebral epiphyses have been 
found there is no indieation that pigs survived the 
age of 7 years (table 1 6) .  

The faet that so many pigs died at ages around and 
older than 24 months strongly suggests that the Iron 
Age pig took a long time to reaeh its full size and 
weight. As the fertility of pig is high in eomparison 
with that of eattle and sheep (at least one, and 
possibly two multi-piglet litters a year, Lauwerier, 
1 983) ,  the maintenance of the pig herd would not 
have been problematical, even if most full-grown 
pigs (boars and sows) were slaughtered shortly af ter 
they reached their full size. Probably the sows gave 
birth onee or twiee and were then slaughtered at ages 
around 2 years or older. Boars may have been castra
ted. Hogs are easier to handle, and castration does 
not damage meat produetion, but may even improve 
it .  

Seven mandibles or loose eanines gave informa
tion on the sex of pig. Five, two mandibles and three 
loose canines, were of adult boars or hogs and two 
other mandibles were of adult sows, proving that 
both sexes are represented in the adult pigs. The 
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Table I S .  Teeth age data of pig for all Iron Age phases together, maxilla and mandibula combined, with the percentages of pig kil led 
during each age phase and the cumulative percentages of pig killed during and before each age ph ase. 

Age 
l imit 

Age phase exaclly kllOlVll 

Criterion 

l .t M I  erupting 
2 . t  MI  erupted 
3 . t  M2 erupting 
4 . t  P2-4 erupting 
S . t  M3 erupting 
6.t  end of eruptions 
7 . t  M3 moderately wom 
8 . t  M3 distinctly wom 
9. t  M3 extremely wom 

Total 

Age in 
months 

4-6 
6- 1 0  
1 0- 1 2  
1 2- 1 6  
1 6-24 
24 
>24 
» 24 
» >24 

NlImber 
of jaws 

2 

I 
2 
4 
I 

I O 

20 

K i l le d  
during 

% 

I O  

S 
I O  
20 

S 
S O  

1 00 

before 
% 

I O  
I O  
I S  
2S 
4S 
SO 

1 00 

N.B .  All  jaws with age l imit  2.t ,  4.t,  S . t ,  6.t and 7 . t  are from ph ase 2; 9 of l imit  8 . t  are from phase 2, I of phase 2/3. 

Age phase rOllghly kil o IVII 
P2-4 not erupted 
P2-4 erupted 

Total number of tooth data 

< 1 6-24 
> 1 2- 1 6  

1 8 * 
82** 

22 

* This percentage is the fraction of all tooth data that originate from pig slaughtered before the age of 1 6-24 months, namely 1 00 (I +2+ 1 )/ 
22. 
** This percentage is the fraction of all tooth data that originate from pig slautered af ter 1 2- 1 6  months, namely 1 00 (I +2+4+ I + I 0)/22. 
N.B.  The two jaws with tOllghly known age ph ase are from phase 1 /2. 

Table 1 6 . Age data of epiphyses of pig for all Iron Age phases together ( information on the ages of fusion from Habermehl, 1 975).  

Limit Age in Number Number Total 
months fused % unfused % 

l .e 1 2  3 7S 2S 
2.e 24 I 1 00 
3.e c.  42 I 2S 3 7S 
4.e 4-7 years 1 00 

Total S S I O 

N.B. epiphyses fusing at age l imit 
I .e :  humerus d ( l  fused, phase 2; l unfused, ph ase 1/2); radius p ( l  fused, phase 2); phalanx II p (l fused, phase 2) ;  2 .e :  phalanx I p ( l  
fused, phase 2);  3 .e :  ti bia p ( l  fused, phase 2); humerus p ( I  unfused, phase 1 /2); ulna p & d ( l  unfused at both ends, phase 1/2); fibula 
p ( I  unfused, ph ase 2/3); 4.e: vertebral epiphyses ( I  unfused, phase 1 /2) .  

Table 17.  Approximate percentages of pigs of all Iron Age 
phases killed i n  various age ph ases (consolidation of tables I S  
and 1 6) .  

Age phase 

first year 
second year 
c.  24 months 
third year 
ol der than third year, 

younger than 7 years 

% of pigs slaughtered 

c . l O  
c .  I S  
c .  20 
c.  S 

c. SO 

larger number of mand ibI es or canines of boars may 
be accidental, as boar canines are much more con
spicuous than those of sows. 

5 .2.4 . . Horse 

A metacarpus 3 from phase 2/3 , that was fused 
distally, came from a horse that was evidently older 
than 1 2- 1 5  months at the time of death (Habermehl, 
1 975) .  A skuB of a young horse, with the deciduous 
premolars still in the jaw, was found in phase 2 .  This 
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horse must have died at an age younger than 2 years . 
The number of bones with data on the age at death is 
too smaIl to construct a kill-off pattern for horse. 

5 .2 .5 .  Dog 

A mandibie from phase 1 /2 was of a dog that died at 
an age older than 6- 1 2  months. A dog humerus that 
was fused distally was found in phase 2/3 . This 
means that the dog to which thi s humerus belongs 
was older than 5-8 months when it died (age data: 
Habermehl,  1 975) .  These two bones are of dogs that 
died at adult ages, af ter the replacement of the milk 
teeth. 

5 . 3 .  The distribution of the bones over the skeleton 

There are various pos si  ble reasons to account for an 
uneven distribution of the remains of a species over 
its skeleton . The three most important of them are : 
1 )  parts (e.g. hindquarters, carcasses without head 
and feet or hides with part of the skuIl and the feet) 
have been imported; 2) parts of the skeleton have 
been used in some way (e .g .  for artefact production) 
and therefore removed from the site; and 3)  the 
waste bone of the different parts of the skeleton has 
been discarded in different places. 

An even distribution is an indication that the 
animais were butchered at the site and that the bones 

Table 1 8 . Distribution of the III allllll a l  ian faunal relllains over the skeleton; No.: nUlllber of relllains; for cattle, pig and sheep+sheep/goat 
the classes af ter Spennelllann's method are given. Phase 1 , 2  and 3 toget her. sh/go: sheep/goat. 

Skeletal element cattle pig sheep sh/go sheep+sh/go horse dog beaver red fox otter 
deer 

No. Class No. Class No. No. NO. Class No. No. No. No. No. No . .  

Os cornu/antler 4 2 I 
Cranium 79 4 8 3 I 2 2 
Maxi l la  82 4 I I  4 25 25 4 I 
Mandibula 1 54 5 37 5 45 45 5 4 2 
loose teeth max. or man. 5 2 l 2 I 
Os hyoides 2 2 I I 

At las 7 2 2 2 I 
Epistropheus (Axis) 2 2 I I 
Vertebrae cervicales 1 3  3 4 3 3 3 2 2 
Vertebrae thoracicae 24 3 5 3 4 4 3 
Vertebrae l u m bales 1 5  3 l 2 9 9 3 
Os sacrum I 2 I I 
Vertebrae caudales I I I 
Vertebrae unidentified 8 2 I I 
Costae 63 4 4 3 1 5  1 5  4 2 
Sternum I I 

Scapula 1 8  3 4 3 3 2 7 3 
Humerus 44 4 3 3 6 4 I O  3 
Radius 3 3  3 I 2 3 1 2  1 5  4 
Ulna I I  3 2 2 2 2 2 
Carpalia 7 2 I 
Metacarpus 3 1  3 3 2 5 3 

Pelvis 26 3 I 5 5 3 
Femur 54 4 I 2 1 4  1 6  4 
PatelIa I 2 I I 
Tibia 52 4 2 2 22 23 4 
Fibula I 2 
Talus  (Astragalus) 1 5  3 2 2 3 3 2 
Calcaneus 1 9  3 I 6 6 3 
other Tarsal i a  5 2 I I 
Metatarsus 42 4 I 2 6 8 3 

Metapodia 1 0  2 l I 
Phalanx I I S  3 2 I ,  2 
Phalanx I I  1 2  3 2 
Phalanx I I I  5 2 
Sesamoid 2 

Total 860 90 2 1  1 8 1  204 7 1 4  4 
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Fig.  5 .  Voorne-Putten, lron Age. 
Distribution of the identified remains of 
cattle over the skeleton. Five frequency 
classeshave been used: white: no fragments; 
light shade: I - I O  fragments; middle shade: 
1 1 -38 fragments; dark shade: 39-86 
fragments; black: 87- 1 54 fragments (for 
the calculation of the class limits, see 
Spennemann, 1 985). 

were discarded together. Table 1 8  shows that this 
situation was the case in the Iron Age sites of 
Voorne-Putten for cattle, sheep and pig.  The re
mains of these species were evenly distributed over 
the skeleton. In table 1 8  the data are presented 
toget her. The distributions for the various phases 
showed basically the same pattern as in this table. 

The distribution of the cattIe remains over the 
skeleton is illustrated af ter the method of Spenne
mann ( 1 985) .  The bones of skull, vertebral column, 
shoulder and pelvic girdIe, foreleg and hind leg are 
well-represented in the faunal remains of cattle: the 
frequency clas ses 3 and 4 are the most com mon ones 
in these parts of the body . The mandibula is the best 
represented skeletal element of cattle (class 5). The 
upper jaw, maxilla, is well represented too. These 
high frequencies will partly be due to the generally 
good preservation of teeth (quite a lot are loose 
teeth) (fig .  5) .  

The absence of  tail vertebrae may be due to the 
small size of these bones.  They may have been 
overlooked. Another reason for their absence could 
be that the tail had been fed to dogs . No remains have 
been found of sternum and the connecting elements 
between sternum and ribs .  These elements are of 
calcified cartilage, that is less resistant to decay than 
bone. This may account for the absence of these 
elements . 

The even distribution of cattle bones over the ske
leton means:  l )  that the complete carcasses were 
butchered at the sites; 2) that no joints or partial 
carcasses were imported or exported; 3) that bone 
waste had been consistently discarded in the same 
way for the various parts of the body . 

The remains of sheep/goat and pig had almost the 
same distribution over the skeleton as those of cattle 
(table 1 8) .  Therefore figure 5 may be taken as an 

example for the distributions of the pig and sheep 
and sheep/goat remains as well .  

In conclusion, cattIe, pigs and sheep were slaugh
tered at the farms .  No joints of meat or carcasses 
were imported or exported. The waste disposal was 
essentiaIly the same for all parts of the body . Horse 
and dog were toa poorly represented to perrnit any 
conclusions on the distribution of the skeletal ele
ments over the skeleton (table 1 8) .  

5 .4 .  The degree of  fragmentation of the bones 

5 .4 . 1 .  eattle, sheep and pig 

The Iron Age material from Voorne-Putten was ex
tremely fragmented. The average weight of a frag
ment amounted to c. 1 1 . 5  g (identified and uniden
tified remains) (table 6) . An average Iron Age cattle 
bone from Voorne-Putten weighed 2 1 .3 g, an avera
ge pig bone 1 0.0 g and an average sheep or sheep/ 
goat bone 5 . 5  g (table 6) .  This much greater average 
weight of a cattle bone fragment is  what one would 
expect in view of the much larger size of cattle. The 
degree of fragmentation, that is the number of frag
ments into which a complete bone broke up, is rather 
constant for the three species (figs 6- 1 7) .  

Few complete bones have been found. Most of 
these are of foetuses or neonatals (figs 6, 8 , 9) .  The 
other bones of cattle, pig and sheep/goat probably all 
came from animaIs that were killed for their mea t .  In 
this respect the low proportion ofbones with distinct 
cut marks is amazing. Only 3 1  bones ( 1 .5%) show ed 
clear cut marks (e .g .  figs .  6.d, 1 2.a ,  l 3 .c ,  14 .a&b, 
1 7 . f) .  These were found on bones of cattle, pig, 
sheep and on unidentified fragments .  The criterion 
that I used for a cut mark is  as follows: a groove on 
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Fig. 6. Cattle mandibles. a. neal'ly complete right mandibie afan 
almast full -grawn faetus ( 1 7-34/3 1 9);  b-g. examples af(sub)adult  
cattle mandibie fragments: b. part af the CQl'PUS ( 1 7-55/LV I ) ; c .  
b�ttam h a l f  af ramus ( 1 7-55/LV2); d .  ramus w i t h  clear cuts; the 
ramus has been cut from the carpus ( 1 7-34/322); e. upper half af 
ramus ( 1 7  -34/L V I); f. part af ramu s  under the art icular surface 
with the skuli  ( 1 7-55/LV I ) ; g. symphysis and d iastema ( 1 7-34/ 
775). Scale 1 : 3 .  
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Fig. 7. Cattle scapula fragments. a. faetal scapula ( 1 0-74/3);  b .  
distal half af left scapula,  with gnaw marks an the distal end ( 1 0-
74/3); c .  distal end af scapula ,  cal lum part ( l 7 -55/LV2). Scale 
1 :3 .  

Fig. 8 .  Cattle humeri.  a .  humerus a f  a faetus (proximally dama
ged) ( 1 7  -34/543); b .  d istal 3/4 af right humerus, d istally unfused 
( 1 7-34/308); c .  distal end of a left humerus, l ateral hal f ( 1 7-34/ 
536); d. part af distal end , j ust abave the trachlea ( 1 7-23/292); e. 
part af the distal half af the shaft af left humerus ( 1 7  -34/22 1 ) .  
Scale 1 :3 .  

Fig. 9 .  Cattie radi i .  a .  right radius afa faetus a r  neanatus afcattle 
( 1 7-35/605); b-c. examples af (sub)adult cattle radius frag
ments; b. halfafproximal end af right radius ( 1 0-74/3);  c. middle 
part af the shaft of a lefl radius, pasterior aspect (calcined) ( 1 7-
34/550). Scale 1 : 3 .  

Fig. 1 0. Cattle metacarpals.  a .  praximal end a f  right metacarpus, 
langitudinal ly split ( 1 7-34/5 1 2);  b. distal half af shaft, langitu
dinally spl it ,  distally with gnaw marks an dis tal end ( 1 7  -35/27); 
c .  hal f af distal end ( 1 7-34/5 1 2) .  Scale 1 :3 .  
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Fig. I I . Cattle pelves. a .  i l i um fragment of a right pelvis wi th 
gnaw marks ( 1 0-74/5);  b. part of right isehium ( 1 7  -34/494); e .  
parts of fused left and right isehia, with gnaw marks ( 1 0-74/5). 
Seale 1 :3 .  

c 
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Fig. 1 2 .  Cattle femurs. a. proximal half of the shaft of a right 
femur, with euts ( 1 0-74/5); b .  middle part of  a right eattle femur 
(below, the fossa supraeondylaris, a good distinguishing feature 
for fem ur) ( 1 7-34/352); e .  fragment from prox imal half of femur 
shaft with troehanter minor ( 1 7-34/326); d.  fragment from distal 
hal f of shaft, with gnaw marks ( 1 7-34/344). Seale 1 :3 .  

F i g .  1 3 . Cattle t ibiae. a. distal half of left t ibia, with gnaw marks 
( 1 7-34/379); b .  proximal end of left tibia, longitudinally split, 
with loose proximal epiphysis ( 1 7/34/505); e. distal half of tibia 
with a distinet cut (arrow) ( 1 7-34/4 1 5) .  Seale 1 :3 .  
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Fig. 14 .  Cattle metatarsals. a, b. d istal half, longitudinally spl it, 
with distinet euts on the distal aspeet of the artieular surfaee (b) 
( 1 7-34/29 1 ); e .  fragment of proximal end of right metatarsus, 
longitudinally spl it ( 1 7-34/532); d .  fragment from the m iddle of 
the shaft, anterior aspeet, with the groove that is eharaeteristie of 
the metatarsus ( 1 7  -34/292). Seale 1 :3 .  

Fig. 1 5 .  Sheep bones. a. proximal one-third of left radius ( 1 7-34/ 
29 1 ); b. distal two-third ofright humerus ( 1 7-34/774). Seale 1 :3 .  

a bone that showed the same colour as  the bone itself 
(to distinguish such marks from recent injuries, e .g .  
those caused by excavation implements) .  

However, w e  have t o  realize that the tools that 
were used to divide the carcass were probably rather 
crude in the Iron Age. A rude chopper would have 
been used for this purpose.  A blow with a chopper on 
a joint would have been enough to divide e.g. a 
foreleg from an upperleg (Rixson, 1 988) .  These 
blow s result in rough fracturing of the bone, that can 
not be distinguished from unintentional fractures. 
So, although hardly any distinct marks indicative of 
portioning have been found on the bones, without 
doubt the division of the carcass into large portions 
was accomplished by chopping. Further division 
may have occurred by further chopping and cutting. 
The removal of cooked meat from the bone could 
have resulted in cut marks as wel l .  After cooking and 
the consumption of the meat additional fractures 
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Fig. 1 6 .  Sheep(/goat) bones. a. fragment of left max i l l a, medial 
aspect, with milk premolars ( 1 7  -34/543); b .  rostral one-third of 
left mandibIe ( 1 7-34/536);  c .  third molar of mandibula ( 1 7-34/ 
543); d. fragment of ramus ( 1 7-34/497); e. fragment of shaft of 
left radius ( 1 7-34/344); f. fragment of shaft of metacaI'pus ( 1 7-
34/390); g. left ischium ( 1 7 -34/39);  h. distal half of left femur, 
distal epiphysis unfused ( 1 7-34/543); i .  proximal hal f of shaft of 
right tibia ( 1 0-74/3 );  j .  fragment from distal half of shaft of left 
tibia ( 1 7-34/548); k. fragment of right ca1caneus ( 1 7-34/543) .  
Scale  1 :3 .  

Fig. 1 7 .  Pig bones. a .  left lacrimale (part o f  the sku l l )  ( 1 7  -34/ 
387);  b. basal part oframus of mandible ( 1 7-34/548); c.  fragment 
of right mandibIe wi th the fourth premolar and the three molars 
(age at 1east 20 months) ( 1 7-34/280); d.  proximal part of right 
u lna ( 1 7  -34/3 1 3);  e .  fragment of the proximal half of the poste
rior wall of the shaft of a right ti bia, with a foramen nutriticum 
( 1 7-34/777); f. left calcaneus, with a cut  mark (shaded) ( 1 7  -34/ 
326). Scale 1 : 3 .  

may have occurred during waste removal, burial in 
the soil,  and at the excavation. 

Figures 6- 1 7  i l lustrate the size and shape of the 
fragments of the skeletal elements of cattle, sheep 
(goat) and pig, as far as they could be identified to 
species. The figures are slightly biased, because for 
these illustrations I intentionally selected fragments 
that are identifiable from a two-dimensional dra
wing. Smaller fragments than those illustrated could 

be identified as well .  The size and shape of the uni
dentified remains are i l lustrated by figure 1 8 . 

Figures 6- 1 7  demonstrate that nearly all zones of 
the mandibula and the long bones of cattle, sheep(! 
goat) and pig are represented by fragments. Frag
ments that lack distinct features to perrnit their 
identification are among the unidentified bones . 
This point was also mentioned by Bonifay ( 1 986:  p .  
1 3) .  Another factor that determines why remains are 
left unidentified is their relative size: the smaller a 
fragment is with respect to the complete skeletal 
element, the smaller is the chance that it contains a 
distinct feature. 

5 .4.2.  Horse and dog 

The inhabitants of the Iron Age farms seem to have 
dealt quite differently with the skeletons of horse 
than with those of cattIe, sheep and pig. This must be 
a consequence of the much greater average weight of 
a horse bone, c .  1 28 g .  The horse fragments were 
proportionally larger than those of cattle, pig and 

-,l 1/ 
I 
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Fig. 1 8 .  Unidentified fragments of bone. a. cattle-size; b. sheep/ 
pig-size. Scale 1 :3 .  

Fig. 1 9 .  Right mandibIe o f  dog, lateral aspect ( 1 7  -34/343) (ph ase 
2). Scale 1 :3 .  
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sheep . One of the seven bones of horse was comple
te: a metacarpus 3. A cut mark was found on a distal 
part of a humerus .  This suggests that horse meat was 
eaten. The fragmentation ofthe horse bones was less 
extreme than thar of the bones of cattie, sheep and 
goat. 

The dog bones were relatively well preserved. 
Among them were nearly complete skulIs and man
dibles. Therefore, I conclude that the inhabitants of 
the Iron Age farms on Voorne-Putten did not eat dog 
meat. 

5 .5 .  The state of health of the domestic animais 

No pathologies, like healed fractures, bone growths 
caused by ulcers, etc. have been found. This means 
that the dornes tic animais were reasonably healthy, 
or at least did not have diseases that leave traces on 
the bones. But we have to keep in mind that few 
diseases leave traces on the skeleton. 

The foetal and neonatal caule bones that have 
been found indicate that the Iron Age farmers suffe
red losses as a result of abortions and still-bom 
calves. 

5 .6 .  The size and composition of the livestock 
I herds 

Archaeozoological material from a site gives infor
mation on the relative contributions of the various 
animal species to the food of animal origin consu
med by the inhabitants of the site. The bone weight 
is  supposed to be a go od estimate of the relative 
contribution of a particular animal species to the 
diet. Taking into account differences in size of the 
species, we can estimate the composition of the 
herd. Life tables have been constructed on the basis 
of the age at death (see section 5 .2).  

The numbers of remains of domestic animais that 
are found at a site do not directly reflect the numbers 
of l ivestock that once l ived there. At any site many 
bones wiII disappear in the course of time. We can 
expect a relation to exist between the number of 
animais once living at a site and the number of 
remains found on excavation, but very liule is known 
about this. AIso the du ration of inhabitation will  
influence the number of faunal remains. Unfortuna
tely, for most sites the duration of inhabitation is 
unknown. 

The size of the farmhouse, and especiaIly of the 
part of the building used for housing animais, may 
give information on the number of animais that 
could be stalled, and thus on the maximum size of 
the l ivestock herd at a given moment. Information 
on the number of individual stalIs in the byre i s  
available from four Iron Age farms on  Voorne
Putten. These are : 

- S ite 1 0-69 (phase 1 ), 6 stalIs of 1 .6 m width and 
1 .0 m depth; 

- S ite 1 7-30 (phase 1 ) , 6-7 stalIs of c. 1 .7 m width 
and 1 .6- 1 .7 m depth (see van Trierum et al., 1 988 :  p. 
28);  

- S ite 1 7-35 (phase 1 ) , at  least 7 stalIs of 1 .6- 1 .8 
m width and c .  1 .7 m depth and one large stall of 3 
m width and c. 1 .7 m depth; 

- S ite 1 0-28 (phase 2) with 6 stalIs of 1 .6 m width 
and 1 .6- 1 .8 m depth (van Trierum, pers . comm.) .  

The animal housing part of a fifth site, 1 7-34 (phase 
2) probably had an area of 60-68 m2• The individual 
stalIs could not be counted, but there was room for 
1 0- 1 2  ofthem, a much larger number than in the four 
farms mentioned above. 

On the basis of the information on the number of 
stalIs hypothetical models have been made for the 
size and composition of the l ivestock herds of the 
Iron Age farms on Voorne-Putten. Models were 
developed for a small farm, with a stable part of 6 
stalIs and for a larger house, with a stable part of 1 0  
stalIs .  

Starting-points for these models were: 
a.  All domestic animais had to be housed in winter 

or at night to protect them against bad weather and 
predators. 

b. An average stall could house 2 cattle or horses, 
or 3 sheep or pigs. 

Two ways of filling the stalIs with cattle, horse, 
sheep and pig have been used in constructing the 
models, one with equal numbers of stalIs for cattle 
and horse as those for sheep and pig, the other with 
about 80% of the stalIs for cattle and horse and 20% 
for sheep and pig. In thi s way a total of 4 models 
have been made, two for the small farm (table 1 9 :  1 

. and 2), and two for the big farm (table 1 9 :  3 and 4). 
The second way of filling the stalIs is according to 

the proportions of these species in the faunal re
mains (tables 2 and 6), with a correction for the 
difference in average age (animais that live longer 
need the stalIs longer than animais that die earlier). 
The average age of a living cow or bull (or ox) was 
1 .77 year (table 9 .B :  L), that of a living sheep 0.87 
year (table l 3 .B :  L), that of a pig was probably about 
the same as that of a sheep (from table 1 7) .  

Average meat and milk yields for human con
sumption have been calculated for the 4 models. The 
numbers of newborn animais and animais slaughte
red have been estimated on the basis of the kill-off
patterns described in section 5 .2 .  These calculations 
are based upon these assumptions: 

1 .  The small farm, model 1 and 2,  had 6 inhabi
tants, the large one, model 3 and 4, had 8 inhabitants . 

2. A cattle carcass provided on average 1 00 kg of 
meat. 

3. A sheep carcass delivered on average 20 kg of 
meat. 
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Table 1 9. Hypothetical size and composition of the l ivestock herd of lron Age farms from Voorne-Putten: model I and 2, a small farm 
with six stalIs, model 3 and 4 a large farm with ten stalIs. Ind. = individual. 

Model 

Total number of stalIs 
Number of stal Is  for cattle and horse 
Number of stalIs for sheep and pig 

Approximate numbers of animaIs 
Number of cattle 
Number of horse 
Number of sheep 
Number of pigs 

Number of yearly offspring 
Cal ves 
Lambs 
Piglets 

Number of animaIs yearly slaughtered 
Cattle 
Sheep 
Pig 

Meat yield for human consumption, yearly in kg 
Cattle ( 100 kg/ind.) 
Sheep (lambs IO kg/ind. , ewes/rams 20 kg/ind.)  
Pig (pigIets IO kg/ind. ,  adult  pigs 20 kg/ind.) 

Total kg of meat yearly 
Total kg of daily meat 
Total number of heads 
Total meat/day/head in g 

Number of milk-giving animaIs 
Cows 
Ewes 

Estimated yearly m ilk yield for human consumption in kg 
Cows, 1 00 kg each 
Sheep, 50 kg each 
Total milk in  kg 
Total m ilk/day in kg 
Total number of heads 
Total milk/head/day in g 

4. A piglet carcass delivered on average I O  kg of 
meat, an adult pig 20 kg of meat. 

5. Each year a cow gave not more than 1 00 kg of 
milk for human consumption. 

6 .  Each year a ewe gave 50 kg of milk for human 
consumption. 

These estimates are on the conservative side, the real 
values possibly being somewhat higher. The smal!er 
sources of meat have not been incoq'Jorated in the 
models. These include the meat of wild mammals, 
birds, fish and horse. The contributions of these 
smal!er sources of meat would have made the menu 
more varied. 

Model 2, 3 and 4 show daily rations of meat and 
milk that would have been sufficient. The daily 
rations of model 1 would definitely have been defi-

2 3 4 

6 6 I O  I O  
3 5 5 8 
3 I 5 2 

5 9 9 1 4  
I I I 2 
7 2 1 2  4 
2 I 3 2 

2 3-4 3-4 4-7 
3-5 1 -2 8- 1 0  2-3 

4 2 8 4 

I 2-3 2-3 3-5 
2-3 I 6-8 1 -2 

2 I 6 2 

1 00 200-300 200-300 300-500 
30-40 20 60- 1 00 1 0-30 

30 1 0-20 60- 1 00 20-30 

1 60- 1 70 230-340 320-500 330-560 
0.44-0.47 0.63-0.93 0.88- 1 .37 0.90- 1 .53 

6 6 8 8 
73-78 1 05- 1 55 1 1 0- 1 7 1  1 1 3 - 1 92 

1 -2 3-4 3-4 4-5 
2 I 4-5 2-4 

1 00-200 300-400 300-400 400-500 
1 00 50 200-250 1 00-200 

200-300 350-450 500-650 500-700 
0.55-0.82 0.96- 1 .23 1 .37- 1 .78 1 .37-1 .92 

6 6 8 8 
9 1  160-205 1 7 1 -223 1 7 1 -240 

cient in the long run. The proportions of meat of 
cattle, sheep and pig in model l and 3 do not fit in 
with the proportions for these species in the faunal 
remains: too little meat of cattle, too much of sheep 
and pig (compare with the proportions for these 
species in table 2 and 6). The models 2 and 4,  in 
which 80% of the stal! area was used by cattle and 
horse, and 20% by sheep and pig, fit in  wel! with the 
proportions of the species in the faunal remains. 
These models are supposed to represent the smal! 
and the large Iron Age farms on Voorne-Putten, 
respectively. 

The smal! farm had about 9 cattle :  2 calves, 2 
yearl ings, 2 animaIs of two years old and 3 of three, 
four and five years old, respectively . Every year 
three offour cows produced a calf. Some cal ves died 
at foetal or neonatal stages (see section 5 .2 . 1 ) .  Because 
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of these losses, not more than 2-3 cattle could be 
slaughtered annuaIly. These were mainly old cows 
or bulls/oxen. The numbers of sheep and pigs were 
low: two sheep and one pig. Each year a few lambs 
and pigs were bom. I estimate that every year one 
sheep and one pig was slaughtered. 

The larger farm, with ten stalIs, had about 1 4  
cattle (table 1 9 ,  model 4). The approximate age 
distribution of the living cattle was: 3 cal ves, 3 
yearlings, 3 of two years ol d, 2 of three years old, 2 
of four  years old and 1 of five years old. Each year 
4-5 cal ves were bom, of which a few died peri- or 
neonatally . At most 3-5 cattIe could be slaughtered 
annuaIly . Some 4-5 cows gave milk for human 
consumption. The farm had 4 sheep and 2 pigs. Each 
year 2-3 lambs were bom, while 1 -2 sheep and 2 pigs 
were slaughtered every year. 

Both farms could have produced some surplus. 
This is  shown by the amounts of meat and milk 
available for each inhabitant (table 1 9, models 2 and 
4). These surpluses may have been used for the 
acqui sition of goods that were not produced on the 
farm, or were not produced in sufficient quantities, 
or were not available in  the vicinity. Many imported 
go ods have been demonstrated (van Trierum et al . ,  
1 98 8 :  p .  25) .  A surplus co uld have been exported in  
the form of living cal  ves, lambs or piglets.  

Another reason why l iving animaIs left the farms 
could have been the necessity to prevent inbreeding. 
The rather small herds would have been threatened 
by inbreeding if there was no regular input of fresh 
blood. Therefore I assume that a regular exchange of 
breeding animaIs existed between the farms .  

Now that we have estimated the size of  the herds, 
we may try to assess the area of pas ture that was 
necessary to maintain them. I assume that the densi
ties of cattIe and sheep did not exceed the numbers 
of one head of cattle or horse or two sheep per 
hectare ( 1 00 x 1 00 m) of pasture, that had to provide 
the winter-fodder too. With this condition, the small 
farm would have needed 1 1  ha for their cattle and 
sheep, and the larger farm 1 8  ha. No extra areas have 
been calculated for the few pigs, as these l ive largely 
on waste. 

This pasture was definitely not the meadow with 
a few grass and clover species that we know nowa
days. Herbs , shrubs and trees would have been eaten 
by the Iron Age cattle and sheep. Obviously, the 
landscape of Voorne-Putten was most suitable for 
cattle in the Iron Age. Sheep farming would have 
been restricted by the liver-fIuke and pig farming by 
the scarcity ofwoods. To protect the livestock against 
predators l ike wolves the animaIs would have been 
herded by a herdsman, probably accompanied by a 
dog. This may have been a major reason for keeping 
dogs on the farms .  

The area used for arable farming is estimated as  
half of the  are a used for pasture. This proportion is  

based on the figures of Slicher van Bath,  who found 
a ratio of 1 : 1 1/2- ] 3/4 between arable and pasture of 
good quality ( 1 960: p. 30). This proportion gives 
areas of arable of 5 1/2 ha for the small farm and 9 ha 
for the large farm. 

The total areas used for animal and plant husban
dry would be 1 6 1/2 ha for the small farm and 27 ha for 
the large farm. These figures are only rough estima
tes. If these areas were situated regularly around the 
farms, they would fit within circles with a radius of 
229 m for the small farm and 293 m for the large 
farm. These radii represent the greatest distances 
from the farms to their fieIds and the pastures. 
Hunting, fowling and fishing were probably practi
sed to some extent outside the areas used for herding 
and cultivation. 

6. ASPECTS OF HUNTING, FOWLING AND 
FISHING 

The wild animal species demonstrated in the faunal 
remains of the Iron Age sites on Voorne-Putten have 
been mentioned in section 4 . 1 (see also tables 1 -6 
and appendix 2). 

6 . 1 .  Age at death of the wild animaIs 

The evidence for the age at death of the wild animaIs 
is rather scarce. A proximally fused ulna of beaver 
from phase 1/2 (site 1 7-35)  belonged to an aduIt 
individual, this being deduced from the fact that the 
proximal epiphysis of ulna fuses in the second win
ter of life (Iregren & Stenflo, 1 982).  The bird re
mains originated from adult individuals. 

6.2. The consumption of meat of wild animaIs 

The meat of beaver and otter could have been eaten . 
EspeciaIly the tail of beaver is known to be a delica
cy. However, these species will not have been im-

a b 

Fig. 20. Cranium of fox, VII/pes vlI/pes. a. dorsal aspect ( 1 7-34/ 
3 I O); b. right aspect (phase 2). Scale 1 :2.  

. 
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portant meat suppliers, as the numbers of remains 
are very smal l. Red deer meat would have been eaten 
occasionally on the farms of Voorne-Putten. The 
only remains of this species are an astragalus (talus) 
from site 1 0-28 (phase 2),  identified by van Mensch 
(appendix 2), and an antler fragment with marks of 
antler processing (see section 6.3) .  This object could 
have been made from a shed antler of a red deer that 
was not necessarily eaten at all. 

The birds and fish were certainly caught for their 
meat, as is confirmed by the faet that some of the 
bones from these species are broken. 

6 .3 .  The wild fauna of Voorne-Putten in the Iron 
Age 

The presence of roe deer, Capreolus capreolus, and 
red deer, Cervus elaphus, on Voorne-Putten during 
the Iron Age ean not necessarily be concluded from 
the few bones of these species (table 6 and appendix 
2): a shed antler is the only find of roe deer, while 
there were only two finds of red deer, a worked 
fragment of antler and an astragalus. The antler 
fragments could have been imported. The red deer 
astragalus is the only indication that deer lived on 
Voorne-Putten during the Iron Age. Bones of roe 
and red dee r are absent in the Iron Age sites of 
Vlaardingen (Old People ' s  Home and Broekpolder 
(Clason, 1 967B)) on the north bank of the Meuse, 
although these sites had the same type of vegetation 
(N.B . the references used in section 6.3 are mentio
ned the first time a site is discussed). 

Roe deer and red deer occurred in various di
stricts of the Netherlands during the Iron Age and 
Roman Period, namely at the mouth ofthe Old Rhine 
(Stevenshofjespolder I (van Heeringen, 1 982), Bosch
en Gasthuispolder (van Heeringen, 1 982) and Acht
hoven (van Mensch, 1 975)) ,  on the Old Dune lands
cape (Spanjaardsbergje (Clason, 1 967B :  table 22), 
Amsterdamse Waterleidingduinen (Clason, 1 967B : 
table 1 8) and Velsen (van Wijngaarden-Bakker, 
1 988)) ,  on the northern marine clay area (Tritsum 
(Clason, pers. comm.) ,  Paddepoel (Knol, 1 983) and 
Sneek (Clason, 1 962)), on the sand area (Haaren 
(CIason, pers. comm.))  and on the fluvial clays 
(C ul emborg (Clason, 1 980)) . 

These deer species are very adaptable, especiaIly 
the roe deer. Both species may inhabit a wide range 
ofhabitats from dry woods to wet moorland, as long 
as they have a certain amount of cover (Niethammer 
& Krapp, 1 986) .  l assurne that roe and red dee r were 
indeed present on Voorne-Putten in the Iron Age, 
but that their densities were lower than in the other 
districts of the Netherlands. 

The eIk, Alces alces, has not been identified in the 
sites of Voorne-Putten, but was found on the north 
bank of the Meuse, in Vlaardingen (Vlaardingen
Old People ' s  Home) and in the fluvial clay district 

Fig. 2 1 .  Left mandibie af otter, LlIIra llllra, lateral aspect ( 1 7-35/ 
VK I 3) (phase 1 /2). Scale 1 : 2 . 

b 

Fig. 22. Beaver, Castor fiber. a. right mandibie ( 1 7-34/280) (phase 
2); b. left ulna ( 1 7-35/6) (phase 1/2). Scale 1 :2 .  

(Culemborg) .  The eIk likes wet environments in 
summer, while in winter it needs drier habitats. The 
absence of eIk in the sites on Voorne-Putten is 
probably fortuitous, although the density of the 
species would have been low. Van Mensch found eIk 
remains in the Iron Age site Poortugaal ( 1 2-03) 
(appendix 2), that is situated 5 km eas t of Spijkenis
se, in an environment very similar to that of the Iron 
Age sites on Voorne-Putten. 

Beaver, Castorjiber, and otter, Lutra lutra, have 
identical habitats:  all kinds of waters and marshes. 
Polechia ( 1 985)  demonstrated that otter benefits 
from the presence of beaver by the dams and nests 
that thi s species builds. These provide suitable 
habitats for otter. I consider the absence of bones of 
beaver and otter in the sites on Voorne-Putten stu
died by van Mensch (appendix 2) as a matter of 
chance. This may aiso be the reason for the absence 
of bones of beaver and otter in the Iron Age sites in 
Vlaardingen (Old People's Home and Broekpolder). 
In Poortugaal, van Mensch found a bone of an otter. 
The marshy environment on Voorne-Putten in the 
Iron Age would have suitable for beaver and otter. 

Other districts where Iron Age remains of beaver 
and/or otter have been found are the mouth of the 
Old Rhine (Stevenshofjespolder IV (van Heeringen, 
1 984), Bosch- en Gasthuispolder), the Assendelft 
area (S'eeman, 1 987; van Wijngaarden-Bakker, 1 988) 
and the fluvial clay area (Culemborg). The absence 
of bones of beaver in the northern marine clay area 
(Tritsum, Paddepoel , Sneek) is not surprising in 
view of the environmental requirements of the spe-
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cies : l ight woods with shrubs along rivers and lakes 
or swamps. These habitats were not present in the 
salt marshes of the northern marine clay area. The 
otter could have lived there, because it tolerates 
brackish water. 

The absence of bones of beaver and otter in the 
Old Dune landscape sites (Spanjaardsbergje, Am
sterdamse Waterleidingduinen, Velsen) can be ex
plained by the ari dit y of the area. The same may hold 
for Haaren, that is situated on the sand area. Otter 
probably lived in or visited these areas, but perhaps 
in smaller densities than in the wet districts at the 
mouth of the Meuse, the Old Rhine and the Oer IJ 
(the Assendelft area). 

Wild boar, Sus sero/a, has not been identified in 
the Iron Age sites of Voorne-Putten (table 6, appen
dix 2). It was a rather common wild mammal in this 
area in the Neolithic: wild boa r accounts for 2% of 
the animal remains in Hekelingen III (Prummel, 
1987a). The searcity or absence of wild boar on 
Voorne-Putten during the Iron Age would have been 
due to the scarcity of woods . The presence of wild 
boar has been demonstrated in some of the sites of 
the Old Rhine mouth (Stevenshofjespolder I and 
Bosch- en Gasthuispolder) , in Culemborg in the 
fluvial area and in Haaren on the sand area. 

No remains of sea mammals have been found in 
the . Iron Age sites on Voorne-Putten (table 6 and 
appendix 2) .  Remains of these species have been 
identified in most sites on the Old Dune landscape 
and on the marine clay. Bottle-nosed dolphin, Tur
siops truneatus, and common porpoise, Phoeoena 
phocoena, have been identified in Amsterdamse 
Waterleidingduinen. Two other Old Dune landscape 
sites, Spanjaardsbergje and Velsen, yielded remains 
of unidentified larger Cetacea. In the marine clay 
sites Tritsum and Paddepoel remains have been 
found of a seal (Phocidae) and a whale (Cetacea), 
respectively. 

These sites on the Old Dune landscape and the 
marine clay district were situated close to the sea or 
at a river mouth. The sites on Voorne-Putten, as well 
as the others along the river Meuse (Vlaardingen 
Old People ' s  Home, Vlaardingen-Broekpolder), and 
those along the Old Rhine (Stevenshofjespolder I 
and IV, Bosch- en Gasthuispolder) and the Oer IJ 
(Assende1ft) were situated further upstream, which 
means there would have been a smaller chance of a 
seal or a whale ending up there in nets or on the river
bank. 

Heron, Ardea einerea, mute swan, Cygnus olor, 

Fig. 23. Scapula of mali ard, Anas platyrhynchos ( 1 7  -35/1 96) (phase 
I ). Scale 7 :  1 0  . . 

b 

Fig. 24. Sturgeon, Acipenser sil/ria .  a. fragment of dermal plate 
( 1 7-36/5) (phase 2/3);  b and c. fragments of spina pinnae pecto
ralis (both 1 7-35/VK 1 3 )  (phase 1 /2) .  Scale 1 :3.  

and mali ard, Anas platyrhynehos, are each represen
ted by a single bone in the Iron Age sites on Voorne
Putten (table 6). These are all species of wet habi
tats, that may be fresh or brackish to marine. As 
stated in the introduction, a freshwater environment 
prevailed on Voorne-Putten in the Iron Age. Heron 
and mali ard have also been identified in the Iron Age 
sites in Vlaardingen (Old People 's  Home and Broek
polder) , on the north bank of the Meuse. 

Sturgeon, A eipenser sturio , is an anadromous 
fish, which means that it lives and grows in the sea, 
but spawns in fresh water. For that reason adult 
sturgeon migrate into large rivers in late spring or 
early summer. The species was represented by quite 
a lot of remains in the Iron Age sites on Voorne
Putten that I studied, together making up 1 .5 %  of all 
identified remains (table 6) .  The sturgeon is repre
sented in all phases, but seems to be more abundant 
in phase 3 (tables l -S) .  Sturgeon fishing was of even 
more importance on Voorne-Putten during the 
Neolithic. Sturgeon remains forrned 1 4% of the 
weight of identified remains of Hekelingen III 
(Prummel, 1 987a). 

Other Iron Age sites with remains of sturgeon are 
Amsterdamse Waterleidingduinen and Vlaardingen
Old People 's  Home. The inhabitants of the first s ite 
may have collected a stranded sturgeon from the 
beach. In the v icinity of the latter site natural condi
tions were very similar to those on Voorne-Putten. 

The faet that no sturgeon have been identified in 
the sites on the Old Rhine (Stevenshofjespolder I 
and IV, Wassenaar-ter Weer, Achthoven) and Oer IJ 
(Assende1ft, Velsen) is probably a matter of poor 
conditions for preservation. The sturgeon remains 
of the Roman castellum at Valkenburg (Clason, 
1 967B :  table 24) demonstrate that the species ente
red the Old Rhine in the Roman Period. l assurne 
they probably did this also in the Iron Age. Many 
sturgeon remains were found in the Roman military 
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sites Vel sen l and 2 (Clason, Brinkhuizen & Prum
mel, 1 979; Brinkhuizen, 1 989) (these sites should 
not be confused with the Iron Age sites of Velsen 
(van Wijngaarden-Bakker, 1 98 8)) 

The scarcity of sturgeon remains in the northern 
marine clay area (no finds in Tritsum, Paddepoel and 
Sneek) is not surprising. Sturgeon spawn in large 
rivers as a general rule, and in this northern part of 
the Netherlands the rivers are rather small. No stur
geon remains have been found in Culemborg . An 
occasional fragment could have been present in that 
site, as sturgeon migrated even beyond that distance 
from the river mouth (Prummel, 1 983) .  

Other fish species represented by bones in the 
Iron Age sites on Voorne-Putten are the thi n- or the 
thick-lipped grey mullet, Liza ramada or Che/on 
/abrosus (table 6), perch, Percaf/uviatilis (identifi
cation M. Seernan, see van Trierum, 1 9 86b), and 
bream, Abramis brama,  appendix 2). Other Cypri
nids could also be represented (identification M.  
Seernan, see  van Trierum,  1 9 86b). The bream is  
characteristic for the lower reaches of rivers (Lad i 
ges & Vogt, 1 965 : 23) .  The Iron Age sites of Voor
ne-Putten were situated in the delta of the Meuse. 
The perch is  a common species of fresh water. The 
thin- and the thick-lipped grey mullets are marine 
fish, that enter the river mouths in summer. From the 
sites of Vlaardingen-Broekpolder on the north bank 
of the Meuse and Stevenshofjespolder IV on the 
mouth of the Old Rhine, unidentified fish remains 
are reported, that were most probably bones of 
teleost fishes. 

S ieving of soil in Assendelft from an Iron Age 
context yielded many fish remains. The majority of 
fish bones were of Cyprinid species. Small numbers 
of fragments have been found ofpike, eel, perch, Eu
ropean catfish, cod and flounder or plaice (van Wijn
gaarden-Bakker, 1 988) .  

In conclusion, the remains of the wild species in 
the Iron Age sites of Voorne-Putten (table 6 and 
appendix 2) clearly indicate the freshwater environ
ment of Voorne-Putten, in which bream, beaver, 
otter, bream and perch lived. The beaver profited 
from the wooded banks ofthe gullies in the peat. The 
large river mouth of the Meuse was used by sturgeon 
as a way to reach their spawning grounds. Thin- or 
thick-lipped grey mullet entered this river mouth in 
summer. The area would have been attractive for 
birds too. 

7. BONE PROCESSING 

The Iron Age inhabitants of Voorne-Putten used 
antler on a small scale for the production of objects. 
The only object that showed distinct traces of such 
processing i s  a fragment of a red deer an tier, Cervus 
e/aphus, from phase 2 (fig .  25) .  Its shape is reminis-
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Fig. 25. Object o f red deer an tier, Cervl/S e/op/liiS, from site 1 0-
74 (phase 2), with a toothed tip and polish on sides and tip. a. cut; 
b. natural groove; c.  gloss caused by use; d.  notch; e.  abrasion 
due to use; f. cancellous tissue of the antler (natural); g .  natural 
surfaee of the an tier. Scale I :  l .  

cent of that of a basket maker' s cleaver (sp/ ijthoutje 
or spleut), an implement used to split the stems of 
bram bles or other twigs (Jacobs & Pletten burg, 1 969 : 
pp. 30-3 1 ;  Estyn Evans, 1 977 :  p .  1 27) .  Alternative
ly, this object could have been a handle or a seal. 

No bones of dornes tic animais showed any traces 
of artefact processing or of use. Wind ( 1 970) repor
ted on faunal remains that had been collected during 
the excavation of site 08-06 (Rockanje) (these did 
not reach me for study). The pointed fragments of 
cattle long bone� that Wind considered as having 
been purposely broken and retouched (depicted in 
his fig .  1 5) ,  are no artefacts. They are more l ikely to 
be the result offragmentation by man due to butche
ring or for marrow extraction, by weathering (frost, 
sunshine) or by being trodden upon. The shafts of 
Ion g bones tend to get broken into points (e.g.  figs 8-
1 8) .  Bones of domestic animaIs were not used for 
bone processing. 

8. TRACES OF GNA WING AND BURNING 

8 . 1 .  Gnawing 

Of all bones, identified and unidentified ones, 5 1  
(2.4%) showed tooth marks, probably made by car
nivores (dogs): (e.g. figs 7, 1 0- 1 3 , 1 6) .  This rather 
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low proportion is presumably due to the poor preser
vation of the surface of many bones. The bones have 
been gnawed while lying on the ground. We have to 
realize that the bones with tooth marks are only a 
proportion of all the bones once gnawed by dogs. 
Many of [hese bones would have disintegrated 
completely, withour leaving any traces. 

8 .2 .  Burned and calcined bone 

The Iron Age sites on Voorne-Putten have a high 
proportion of bones showing traces of the influence 
of fire: 1 0% of all bones (2 1 7) .  Of these, 26 bones 

a 
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Fig. 26. Photograph of burned bone (a) and of calcined bone ( b) .  
Scale  l :  l .  

had black spots, while a larger number, 1 9 1  bones, 
had white spots or were completely white (calci
ned), caused by the persistent and intense influence 
of fire. Many of the burned or calcined fragments 
were unidentifiable: the fire had caused the bones to 
split up into many small pieces, and had deformed 
them (fig. 26). 

This rather high proportion of bones with traces 
of burning indicates that many bones came into 
direct contact with fire. This happened af ter the meat 
had been consumed. Normal cooking of meat does 
not produce the high temparatures needed to burn 
(blacken) bones (400-500 0c) or to ca1cine them 
(400-650 0c) (Shipman et al . ,  1 9 84). The burned or 
ca1cined bones must have been thrown away either 
into a hearth or into a rubbish pit of which the 
contents were set on fire. 

9. SUMMARY 

l .  Animal husbandry was the most important 
source of meat for human consumption on the farms 
of the Early (ph ase 1 ) ,  Middle (phase 2) and Late 

. (phase 3) Iron Age on Voorne-Putten. Over 95% of 
the identified remains from phase 2 (n= 934) were 
from domestic mammals .  The numbers of remains 
from phases l and 3 were too small to permit any 
conditions on possibie differences in proportions 
with respect to phase 2. 

2. Cattle were the most important domestic ani
maIs :  more than 70% of the bones of domestic 
mammals were from cattle. Sheep and pigs contribu
ted to a les ser ex ten t to the diet. Horses and dogs 
were kept in very small numbers. 

3. The cattle husbandry on the farms suffered 
losses due to stillborns or the death of neonatal 
calves. Veal was hardly eaten. Most cattle were 
slaughtered af ter they had reached maturity. 

4. Quite a lot of sheep died in their first year of 
life .  From this we may conclude that lamb was eaten 
about as often as mutton. From the few age data 
available for pig it may be concluded that many pigs 
died as piglets. 

5. The reconstructed size and composition of the 
livestock herds of a small farm with 6 stalIs and a 
large farm with 1 0  stalIs suggest that the inhabitants 
of the small as well as the large farm had enough 
meat and mil k for human consumption and even 
produced some surplus. However, the models are 
based on many assumptions and estimates . A pos si
ble s.urplus would have had to be used in the first 
place to acquire animais from elsewhere to prevent 
inbreeding. The rest could have been used to acquire 
go ods that were not produced on the farm. 

6. Hunting,fowling and fishing contributed small 
quantities of animal protein to the diet. The main 
value of these activities was the variation they brought 
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into the diet. Some beavers and otters were caught, 
probably for their fur and also for their meat. Red 
deer and roe dee r were caught in small numbers. 

7. Heron, mute swan and mallard were caught in 
small numbers. These species demonstrate the wet 
character of the environment ofthe farms. Sturgeon, 
thin- or thick-lipped grey mullet, perch and bream 
were caught. These fish species fit in with the loca
tion of the sites in the delta of the Meuse. 

8. Bone processing has been demonstrated with 
certainty only by a worked fragment of an tier of red 
dee r. 

9. The bones were extremely fragmented. This 
may be responsibie for the low identification rate: 
57 .8% for all sites together. Of all bones 1 0% were 
burned or caIcined. Another 2.4% showed traces of 
gnawing by dogs. 
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APPENDIX l .  Voorne-Putten, Iron Age. Faunal remains in  the individual sites studied by W. Prummel. n = number; w = weight. 

Phase I Phase 2 

1 7 - 3 5  1 0 - 7 4  1 7 -34 1 7 -35 1 7 -40 1 7 - 5 1  1 7 -55 

n w w n w Il w n w n w n w 

Dog Canis familiaris I O  1 32 2 337 

Horse Equus caballus I 1 45 6 1 52 2 1 3  
Pig Sus domesticus 7 63 749 I 25 2 1 4  

Callle Bos tau rus 1 9  277 49 1 .098 494 9. 1 67 44 695 1 2  305 4 225 58 1 .270 

. Sheep Qvis aries I 6 I I  92 I O  

S heep/goat Ovis/Capra 2 1 3  6 47 1 1 4 489 42 2 23 7 84 

Beaver Castor fiber 4 2 3 1  

Fox Vulpes vulpes 20 

Otter Lutra lutra 

Red dee r Cervus elaphus 1 8  

Heron Ardea cinerea 2 

MUle swan Cygnus olor 

Mallard Anas platyrhynchos 

Bird ullknown 2 

Sturgeon Acipenser sturio 2 4 

Thin-lipped or Liza ramada/ 

thick-Iipped Chelon labrosus 

grey mullet 

Unidentified: 

Size of catlIe 9 32 25 7 1  338 1 .076 36 92 4 1 5  8 39 I O  43 

Size of sheep 9 8 1 69 1 74 6 4 8 1 2  

Size unknown 8 1  9 1  60 1 5  4 2 

Total 42 339 86 1 .245 1 .288 1 2 . 1 7 3  1 5 9  1 .226 1 9  495 1 3  477 89 1 .425 
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APPENDIX l .  (Cont. 1 )  

Phase 3 
1 7 - 5 6  1 8-06 1 8 -28 1 8 -29 1 8 -30 08-06 09-08 

n IV n IV n IV n IV n IV n IV n IV 

Dog Canis familiaris 

Horse Equus eaballus 1 4  

Pig Sus domestieus 

Catt1e Bos taurus 1 0  248 2 1 8  7 73 9 2 2 1  1 3  1 9  

Sheep Ovis aries 

Sheep/goat Ovis/Capra I l  2 4 6 

Beaver Castor fiber 

Fox Vulpes vulpes 

Otter Lutra lutra 

Red deer Cervus elaphus 

Heron Ardea einerea 

Mute swan Cygnus olor 

Mallard Anas platyrhynehos 

Bird unknown 

Sturgeon Acipenser slurio 

Thin-lipped or Liza ramada/ 

thiek-lipped Chelon labrosus 

grey mullet 

Unidentified: 

Size of  eattle 7 1 9  4 1 8  2 7 

Size of sheep 

Size unknown 7 2 

Total 27 280 4 2 1  1 3  1 09 9 5 34 1 3  1 9  

APPENDIX l .  (Cont. 2 )  

Phase 1 /2 Phase 2/3 

1 0- 1 1 0  1 7-23 1 7- 4 1  1 7 -44 1 7 - 3 5  1 7-33 1 7-36 

n IV n w n IV n IV n IV n IV n IV 

Dog Canis familiaris 37 1 6  

Horse Equus eaballus 1 97 1 67 

Pig Sus domestieus 1 8  75 29 

Cattle Bos taurus 4 25 4 50 58 1 .786 9 276 8 1  2.705 

Sheep Ovis aries 2 7 5 50 

Sheep/goat Ovis/Capra 3 6 1 8  7 4  1 4  1 36 

Beaver Castor fiber 9 

Fox Vulpes vulpes 

Otter Lutra lutra 5 

Red deer Cervus elaphus 

Heron Ardea cinerea 

Mute swan Cygnus olor 2 

Mallard Anas platyrhynehos 

Bird unknown 

SturgeOll Acipenser sturia 1 3  35 2 1 4  7 

Thin-lipped or Liza ramada/ 

thiek-lipped Chelon labrosus 

grey mullet 

Unidentified: 

Size of eattle 7 2 I I 3 1  1 3 1  9 4 2  2 4  9 9  

Size of sheep 7 7 2 2 2 5 7 I O  

Size unknown 2 2 

Total 2 8 23 76 1 3  59 1 35 2 . 1 4 1  2 3  522 1 4 6  3 . 2 1 6  
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APPENDIX 2. Voorne-Putten, Iron Age and Roman period. Fauna! remains studied by PJ.A. van Mensch. Spijk.: Spijkenisse; Alb.: Alblasserdam. 

Iron Age Roman period 

Ph ase 1 Phase 2 Ph ase 3 Spijk. Spijk. Alb. 

10·69 10-28 1 2·03 1 7 - 1 4  1 7 - 1 8  1 8-30 1 8-50 17-22 25 3B 1 973 1976 

Dog Canis familiaris 5 2 2 1 8  9 

Horse Equus eabaHus 2 4 I I  25 7 
Pig Sus domestieus 1 8  2 4 4 2 2 7 1 32 1 6  

Cattie Bos laurus 5 1 1 9 1 7  4 0  3 4  46 4 1  56 6 8 1  609 169 

Sheep Ovis aries 2 

Sheep/goat Ovis/Capra 9 2 4 2 I I  8 13  3 1 1  2 

Beaver Castor fiber 

Fox Vulpes vulpes 

Otter Lutra lutra 

Wild boar Sus serofa I 

Red deer Cervus elaphus 2 7 2 

Roe deer Capreolus eapreolus 2 

Eik Alces alees 6 

Auroehs Bos primigenius 4 

Bird unknown 

Sturgeon Aeipenser srurio 28 3 

Bream Abramis brama 2 

Baltie teHin Maeoma balUliea 

Unidentified 24 77 24 8 1  124 32 17 35 I I  72 1 .0 1 7  1 1 5 

Total 32 228 57 127 168 89 63 I I I  25 189 2. 1 69 331  


