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r .  INTRODUCTIO 

The study made of a smal] sample of fauna] re
mains, found during an excavation j ust south of 
Schagen (fig. r ) ,  prompted an i nvestigation as to 
whether the information available on several types 
of environment prevail ing in the Netherlands in  
former times can give an explanation for the com
position of livestock in  settlements s ituated in these 
environments, as evident from excavated fauna! re
mains. The actual description of the fauna! remains 
from Schagen will  appear elsewhere (Clason & 
Prummel, in press). 

In the same region as Schagen, fauna! remains of 
a number of settlements dating from various peri
ods have been investigated by archaeozoologists .  
These include the neol ithic settlement of Zandwer
ven (Clason, r 967) ; the Middle Bronze Age settle
ments of Zwaagdij k  (Clason, r 967) ; Hoogkarspel
\Xf a tertoren (Van lVIensch & I J zereef, 1 977) ; 
Hoogkarspel - l ooo B .C.  (Smits, 1 978)  and Andi j k  
(Van Iviensch & IJzereef, 1 97 5 ) ;  a late Bronze Age 
settlement (700 B .C.)  at I-loogkarspel (Smits, 
1 978) ; and final ly la te-medieval Alkmaar during 
the l oth- 1 zth centuries J\.. D. (Clason, l 97 3 ) and the
14th century A .D.  (Clason & Brinkhuizen, 1 978) .  
Two sites contemporaneous with Schagen, i . e .  
dating from early medieval times, are Ri j nsburg 
(Clason, 1 967) and Dorestad (Prummel, i n  prep . ) .  
The location of the s i  tes  is  shown in fig. l .

Table 1 shows for each site the numbers of bone 
fragments identified of seven species of domesti
cated mammals - cattle, sbeep, goat, pig, horse, 
dog and cat .  In none of the settlements concerned 
were remains of wild animals found in any great 
quantity. The settlements are therefore similar in
asmuch as the most important animals were the 
domesticated ones. 

The settlements vary considerably,  as regards 
the percentages of the different animal  species rep
resented (table l ) . It is questionable whether these
differences in percentage values can be attributed
exclusively to differences in  l ivestock: composition. 
Butchery methods such as smashing bones into 
many pieces would probably make it more difficult 
to identify bones to species level than butchery 
methods which leave bones more i ntact. :Moreover 
the method of butchery and division of the carcass 
may also be different for each species, j ust as the 

bones of different species ma y vary in their resis t
ance to decay in the soil .  

\Xfhen bones are collected from a site merely by 
picking up those bones that  are  immediate ly visible 
to the naked eye, the bones of larger animals gener
ally s tand a better chance of being collected than 
those of smaller animals. This wil l  not happen if 
samples of earth are sieved, when al l  fauna! remains 
larger than the mesh-width of the s ieve are ret
rieved. All groups of finds li sted in table l are 

• 1 

• 5 

e 6 

Fig. I .
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t\bove : the part of the Provi nce of North - H o lland in which 
the \Xlest-Fris ian sires ( 1 - j )  and Al kmaar (6) are situated. 

Beneath : the Netherlands at  the present t ime, showing the 
location of  the sires numbered 6-9 and of the area shown 
enlarged above. 

1 - Schagen 
2 - Hoogkarspel 

- Zwaagdi jk  

4 - Andi jk  
j - Zandwerven 
6 - A l k maar 

7 - Haarlem 
8 - Ri jnsburg 
9 - Dorestad 
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fauna! remains which were collected with the naked 
eye. For this reason the percentages of cattle bones 
may be relatively too high, though presumably to a 
similar degree for all find complexes. For some find 
complexes an attempt has been made to identify the 
ribs and the vertebrae, while for others these bones 
have been left out of consideration . Since the 
animal  bones will be represented in the ribs and 
vertebrae in about the same proportion as in  those 
skeletal parts that have been identified, i t  will make 
l ittle difference in the percentages whether or not 
the ribs and vertebrae are included. In spite of the 
uncertainties mentioned above, i t  i s  nevertheless 
assumed that the percentages of bones of domesti
cated mammals, found in the s�ttlements indicated 
in rable 1 ,  are directly proportional to the percen
tages of these animals comprising the livestock of 
those settlements. 

As mentioned previousl y, there are sometimes 
great differences between the settlements with 
regard to the percentages of bones of domesticated 
mammals .  For the most important animals, pig, 
sheep/goat and cattle, an attempt has been made to 
ascertain  whether the differences in percentages are 
actually significant, or whether they are merely 
coincidental .  The significance was tested by using 
the X2 test for a 2 X 2 table as described by Siegel 
( 1 9 5 6) .  In the first row of the table we have the 
number of bones of one species from si te 1 against 
the sum of the numbers of bones of the other 
species from that site. In the second row we have 
the comparable numbers for s i  te 2. Site 1 i s  the site 
with the highest percentage of fragments of the 
species concerned. Setting up the 2 X 2 table, the 
foliowing scheme emerges : 

1 st row site 1 

2 n d  row s i te 2 

No. ol S u m  ol 

frag ments t h e  no.  ol 

ol one f rag ments 

species ol the other 

A 

c 

A + C

species 

B 

D 

B + D

A + B + C + D = N

A + B

C + D

A + B + C + D  

There are two alternative hypotheses concerning 
the relation between the number of fragments of 

this species and the total number of fragments of 
domesticated mammals .  One of these i s  the nul! 
hypothesis, H0, which predicts that there is no dif
ference between s i tes 1 and 2 with regard to the 
proportion of the number of fragments of this 
species .  The orher hypothesis, H1,  predicts that the 
proportion of the number of fragments of this 
species i s  greater in  site 1 than in  s i te 2 .  The value 
of X2 is then calculated as follows : 

N C I A D - B / q - N/2)2 

13) " (C + D) /. (A + C) ,., (B  + D)

This X2 value is read off, under one degree of free
dom, in a table of one-tailed critical values. The 
levels of significance used were (J. = 0 .0 5  for a x2 of 
3 . 8 5  (inclicated as weak), (J. = 0.01 for a x2 of 6 . 64 
(indicated as strong) and (J. = 0.00 1 ,  for a x2 of 
1 0. 8 3  ( indicated as very) (tables 2, 3 ,  4). For a X2 
lower than 3 .  8 5 the difference i n  percentage is 
called not significant ( l . S .) .  In faet the x2-tes t  does 
not test differences in percentages ;  for this we can 
use the difference of proportions-test, which is 
more exacting as regards data, e .g .  a large sample 
and a normal distribution are required. The X2-test 
tests differences in  frequencies. For the sake of con
venience, however, in  this article we shall speak of 
differences in percentages. 

2. DIFFERENCES IN PER CENT AGES OF
FRAGMENTS

2 .  1 .  Pig 

Table 2 gives the X2 val ues and the degree of signi
ficance calculated for each pair of settlements .  On 
the basis of these values the find complexes were 
divided into three groups : 

Cro11p 1 - /011; perce11tage oj pig bones. In  this gro up we 
have the \Xlest-Frisian Bronze Age settlements
Hoogkarspel - 1 000 B.C . ,  Andi j k  and Zwaagdij k ,
early medieval Schagen and 1 4th-century Alkmaar, 
with percentages of pig bones between 1 . 8  and 
4.  1 %· eolithic Zandwerven probably also bel
ongs to this group. The X2 values for Zandwerven 
have not been calculated as only one fragment of 
pig was found there. 9 3  
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G'ro11p 2 - so111ewhot hig/Jer perce11tage of pig ho11es. In
cluded in this group are the West-Frisian Bronze 
Age settlements Hoogkarspel-\Xlatertoren and 
Hoogkarspel - 700 B .C" as well as 1 2 th-century 
Alkmaar, with percentages between 7 . 3  and 8 .4% . 

G'ro11p J - high perce11tage of pig bones. I n  this gro up 
we have the early-medieval settlements of Dorestad 
and Rijnsburg, where pig accounted for I 2-4 and 
20. 2 % of the bones respectivel y.

The differences in  percentage of pig bones be
tween the sites of group 1 and those of group 3 
were consistently strongly or very significant .  The 
sites of group 1 had in many cases a significantly 
(strongly to very) lower percentage of pig bones in 
comparison with the sites of group 2 as wel l .  
Within group 1 the s i  tes d id  not differ significantly 
with regard to the percentage of pig bones (not 
even. when Cl. =  0.0 5 ) .  This applied to group 2 also. 
The percentages of pig bones in gro up 2 were con
si stently significantly (strong to very) lower than 

TABLE 1 

those in group 3 .  Within group 3 Ri j nsburg had a 
signjficantly (very) higher percentage of pig bones 
than Dorestad. Dorestad deviated from Ri j nsburg 
in two respects : 

1 .  The difference between the percentage of pig 
remains in Dorestad and in Hoogkarspel -Water
toren was slightly Jess strongly significant than 
that between Ri j nsburg and Hoogkarspel
\Xlatertoren. 

2. \'\fith respect to 1 0th- 1 2th century A lkmaar Do
restad did not have significantly more pig bones.
I t  i s  assumed that thi s difference in  percentage of
pig bones is indeed rea l ,  but tha t this cannot be
established definitively on account of the small
size of the sample for this Alkmaar period and
possible differences in method of collection.

The difference in  percentage of pig bones between 
1 oth- 1 zth century Alkmaar (group 2) and 1 4th cen
tury Alkmaar (group 1 )  was weakly significant. I t  i s  
not  certain wl)ether this is  the resu l t  of too small a 

The n u m bers ol fragments ol domesticated mammals from Schagen com pared wi th  other pre- and protohistoric si les in North

Hol land and the more or less contemporaneous settlements Rij nsburg (South-Holland) and Dorestad (Wij k bi j  D u u rstede) ;  

abs. = absolute n u m ber o l  bones. 

Zandwerven 

2500-2200 B.C.  

abs. % 

Bos taurus - cattle 44 93. 6 
Ovis aries/Capra hircus - sheep/goat 2 4.3 
Sus scrofa domesticus - pig 2. 1 
Equus caba/lus - h o rse 

Canis familiaris - dog 

Fe/is catus - cat 

total 47 

Zwaagd i jk  

1 250±60 B.C .  

abs. % 

231 83. 7 
32 1 1 . 6  
1 1 4.0 

2 0. 7 

276 

Hoog karspel

Watertoren 

1 000 B.C.  

abs. % 

228 75.5 

27 8. 9 
22 7.3 

25 8. 3 

302 

Hoogkarspel 

1 000 B.C.  

abs. % 

846 84. 6 
1 0 1 1 0. 1 

4 1  4. 1 
6 0. 6 
6 0. 6 

1 000 
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sample size, or whether the difference in  percentage 
of pig bones between the two periods is merely 
coincidental .  

2 . 2 .  Sheep/goat and cattle 

As was the case with pig, the si tes of table I show 
fairly big differences in the percentages of the frag
ments of sheep/goat and cattle. For sheep/goat this 
varied between 4 and 4 I % , while for cattle the per
centages ranged from 5 I to 9 3 %· The differences in  
percentages of cattle and sheep/goat have been 
tested, as in the case of pig, using X2-tests (tables 3 
and 4). 

With regard to the percentage of sheep/goat 
bones the sites of table I can be divided into three 
groups .  The sites within each group do not differ 
significantly from ane another, but they do differ 
significantly from sites in the other groups (table 
4). The sites with a low percentage of sheep/goat 
fragments were Zandwerven, the West-Frisian 
Bronze Age settlements and Ri j nsburg. For Dore
stad the percentage was somewhat higher, while in 
Schagen and Alkmaar (both periods) sheep/goat 
accounted for 3 2 to 41 % of the bones. 

As for cattle, Schagen and Alkmaar (both peri
ods) had the lowest percentages of fragments (table 

Hoogkarspel A n d i j k  A l k m aar A l k m aar 

3). Dorestad and Ri jnsburg had higher percen
tages, while Zandwerven and the Bronze Age set
tlements had extremely high percentages of frag
ments of cattle. Among the West-Frisian B ronze 
Age sites Hoogkarspel -\'\latertoren ( r noo B.C.)  and 
Hoogkarspel - 700 B.C .  had a significantly lower 
percentage of cattle fragments than the other sites 
(table 3 ) .  I t  is  precisely these two Bronze Age si tes 
that have a somewhat higher percentage of frag
ments of pig (table 2), while the percentage of 
sheep/goat fragments at these two sites i s  low, as in 
the other Bronze Age settlements (table 4).  I t  is  
probable that the large numbers of pig remains had 
a moderating effect on the percentage of cattle frag
ments. 

The fragments of cattle and sheep/goat seem to 
correspond proportionally in such a wa y that 
where the percentage of cattle fragments i s  high, 
that of sheep/goat i s  low, as for example at Zand
werven and the \'\lest-Frisian Bronze Age settle
ments. The reverse situation, few fragments of 
cattle and many of sheep/goat, we find in Schagen 
and Alkmaar (tables i ,  3 and 4). In all the sites 
l i sted in table I the number of bones identifiecl with 
certainty as goat varies from extremely few to none 
at  a l l .  Therefore sheep/goat can be taken to mean 
only "sheep" with a high degree of certa inty. Goats 
were probably hardly present in these settlements. 

R i j n s b u rg Dorestad Se hagen 

700 B . C .  M id d l e  1 Oth-1 2th 1 4th century 600- 1 000 A . D .  700-850 A . D .  early med i eval 

B ronze Age century A . D .  A . D .  

abs.  % abs. % abs. % a bs .  % abs. % abs. % abs. % 

4396 80. 7 986 86. 2 84 58. 7 60 55. 0 558 65. 6 3624 66.4 347 54.0 
528 9. 7 1 02 8. 9 46 32.2 44 40. 4 95 1 1 . 2  997 1 8. 3  263 40.9 
436 8. 0 40 3.5 1 2  8. 4 2 1 . 8  1 72 20.2 677 12 .4 1 5  2. 3 

1 3  0. 2 1 0. 7 23 2. 7 1 26 2.3 1 5  2. 3 
75 1 . 4  1 6  1 . 4  2 1 . 8  0. 1 29 0. 5 0. 2 

0. 9 0. 1 3 0. 1 2 0. 3 

5448 1 1 44 143 1 09 850 5456 643 
9 5  
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3 .  A HYPOTHETICAL EXPLANATION FOR 
THE DIFFERENCES IN LIVESTOCK 
COivIPOSITION 

3 . 1 .  The chronological factor 

Chronologically, Schagen corresponds to Dorestad 
and Ri j nsburg. One might assume that livestock 
composition was time-dependent, i . e .  that it varied 
from one period to another. In Schagen, the per
centages of pig (table 2), of cattle (table 3 ) ,  and of 
sheep/goat (table 4) do not correspond to the 
values for Dorestad and Ri jnsburg, which again 
differ from each other. The contemporaneity of 
these si tes, all of which date from the Earl y j\,1fiddle 
Ages, therefore does not signify any uniformi ty in 
livestock composition. 

The \Xfest-Frisian Bronze Age settlements show 
a high degree of homogeneity as regards the per
centages of pig, cattle and sheep/goat (tables 2-4). 
I t  will be evident from the fol lowing that the un
iformity in livestock composi tion for all Bronze 
Age settlements was rather a result of the simi lari ty 
of environment of these settlements than of their 
contemporanei ty. 

The clates established for the settlements investi
gated do not seem to be of any use as criteria for 
explaining the differences in percentages of pig, 
sheep/ goa t and ca ttle . 

3 . 2 .  The formerly prevail ing types of environment 

3 .  2. r .  !11trod11ctio11 

It has a lready been shown (Nobis, r 9 5  5 )  that there 
is a connection between the presence of forest in 
the vicini ty of a settlement and the practice of keep
ing large numbers of pigs in or near that settle
ment. In the auturnn pigs were driven i nto the for
ests under the watchful eye of a swineherd to feed 
upon the acorns, beechnuts and chestnµts, collec
tively referred to as mast. This fattening of pigs in 
the forests was not a simple matter, even in times of 
classical antiquity, and very early on i t  was necess
ary to Jay down rules and regulations. 

The first charter in the Netherlands regulating 
the grazing of pigs in forest da tes from A .D .  8 5 5 ,  
and concerns the forests of Putten and Errnelo on 
the Veluwe (Slicher van Bath, 1 967, p. 97). Two 

other Dutch sources concerning pannage rnention 
1 3 th-century rights in  the forests of S usteren and 
Montfort in  Lirnburg. Also in  the l 3 th century, 
rights had been established for grazing pigs in the 
woods around Didarn in Gelderland (Ten Cate, 
r 972 ,  pp. 94- 5 ,  l 3 1 ,  1 02 - 3 ) .  Neither S licher van 
Bath nor Ten Cate rnention any sources referring to 
pannage in any other part of the Netherlands. I t  is  
possible that the deforestation especial ly of the 
Central and \'(/estern parts of the Netherlands, a l
ready far advanced in the Late Middle Ages, ac
counts for the Jack of any such sources. 

In  view of the differences in the relative nurnbers 
of pig bones described in 2. l ., the question arose 
whether these differences could be connected with 
variation i n  the amount of forest present in the 
environments of these settlements. 

Reichstein ( 1 97 5 )  has cornrnented on clifferences 
in percentages of sheep and cattle. He explained 
differences in percentages of cattle and sheep be
tween two te1pe11 (artificial clwelling rnounds), Fed
dersen \Xfierde and Elisenhof, on the basis of resu l ts 
of palaeobotanical research : at Elisenhof, a settle
ment with rnarkedly brackish environrnent, there 
was a high percentage of sheep and a low percen
tage of cattle, while at Feddersen \�ierde, where 
the sal i ni ty was lower, the situation i s  reversed : 
more cattle and fewer sheep ( .B .  Reichstein com
pared the estirnated minimum numbers of indi
viduals) .  In attempting to explain this disparity 
Reichstein argues that cattle cannot tolerate very 
brackish pasture, while sheep are Jess demanding in 
this respect (see : Aitken, r 976, pp. 1 9 3 -4). In ad
cli tion to the faet that sheep are more salini ty-toler
ant there is possibly another factor i nvolved, not 
mentioned by Reichstein, namely that in a very 
brackish environment such as at Elisenhof, the l iv
er-flu ke parasi te is  a bsen t .  

The l iver-fluke is a flatworrn, Fasciola hepatica, 
which inhabits the· l iver of various animals, includ
ing sheep and cattle (Herweyer, l 978). The l ifecycle 
of the l iver-fluke involves an intermediate host,
namely the dwarf pond-snai l ,  Calba (= L]lllllaea)
tm11mlata. In the liver of the host the adult  l iver
fluke lays large numbers of eggs which leave the 
host with the faeces. In damp pasture these eggs 
hatch into larvae, which subsequently find their 
way into a pond-snail ,  where they reproduce again .  
Eventual ly  larvae leave the snail and attach them-
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selves to grass and marsh plants . The larvae are 
thus ingested by animals grazing on these plants .  A 
large number of liver-flukes in the liver seriously 
affects the health of the host. 

A damp and warm environment i s  essential for 
the development of both the dwarf pond-snail and 
the liver-fluke. The intermediate host, Galba tn111-
C11lata, i s  general ly  only found in a damp, fresh- 97 
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WEAK VERV ve ry ve ry ve ry ve ry 80.7% 

1 0.2  9.5 1 2.2 1 5.0 39.4 Hoogkarspel-Watertoren - 1 000 B.C. 

STRONG STRONG VERV VERV VERV 75.5% 

0.2 3.3 5.7 38.8 Dorestad - 7-00-850 A. D.

NS WEAK WEAK VERV 66.4% 

2.3 4.3 20.2 R ij nsburg - 600-1000 A.D.  

N S  WEAK VERV 65.6% 

0.2 0.9 Alkmaar - 1 0th-1 2th century A.D.  

NS NS 58. 7%

TABLE 3 0.0 Alkmaar - 1 4th  century A.D.  

NS 55.0% 

Cattle percentages ol total number  ol bones ol domesticated mammals.  In the 

squares:  above. z2 for row and column faunal  compl exes: beneath. the stre n g t h

of the d i fference ( i n  capitals:  tested . i n  s m a l l  let ters: not  tested.  b u t  pres u m e d ) .  

Schagen 

54.0% 

- ear ly medieval 

water to moderately brackish environment, and 
cannot thrive under conditions of high salinity or 
drought. As the liver-fluke i s  dependent on the 
dwarf pond-snai l  for part of i ts life-cycle,livestock 

is free from liver-fluke infestation in those areas 
whe1:e the dwarf pond-snail  is  absent, i . e .  where dry 
conditions prevail and where salinity is high. 

Sheep are especial ly susceptible to l iver-fluke in-
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Hoogkarspel - Late Bronze Age, 700 B .C.  

ve ry 9.7% 

Hoogkarspel - M iddle  Bronze Age, 1 000 B.C. 

ve ry 10. 1 %

Rijnsburg - 600-1000 A.D. 

ve ry 1 1 .2%

Zwaagdijk - M i ddle Bronze Age 

ve ry 1 1 .6% 

1 78.3 Dorestad - 700-850 A . D. 

VERY 18.3% 

3.4 A l kmaar - 1 0th-1 2th century A.D.  

NS 32.2% 

0.0 Alk maar - 1 4th century A.D.  

NS 40.4% 

Sheep/goat percentages of  total n u mber of bones of domesticated mammals.  I n  
the squares: above. t h e  z 2  for t h e  row and co l u m n  com plexes: beneath. the strength

of the d i fference ( in  capita ls :  tested : i n  s m a l l  letters: not tested.  but pres umed) .  

Schagen 

40.9% 

- early medieva l 

festation. In serious cases death may occur. Cattle 
are far Jess susceptible. 

In the foliowing, an attempt is made to ascertain 

whether · these theories on the relation between en
vironment and the presence of pig, sheep and cattle 
can explain the frequencies of the fauna! remains of 
these species at  the sites investigated. 99 
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3 . 2 . 2 .  The West-Frisia11 Bro11ze Age settle111e11ts 

The \Xlest-Frisian Bronze Age settlements of 
Andij k ,  HoogkarspeJ and Zwaagdi j k all date from 
the end of, or several centuries after the end of a 
transgression which covered the eastern part of 
\Xlest-Friesland with a layer of marine sediment 
(Van Regteren Altena et al., 1 977,  Note 9). 
Palaeobotanical research on the environment of 
these settlements has been carried out by Van Zeist 
( 1 964), Bakels ( 1 974) and Pals ( 1 977) .  

The vegetation around Zwaagdi j k  (Van Zeist, 
l 964) in  the Middle Bronze Age was eviclentl y a 
natura] grass-land, total l y  devoid of trees. From the 
pollen analysis i t  was not possible to ascertain 
whether fresh-water or brackish conditions pre
vailed in  this area . 

A palaeobotanical study (seeds and fruits) of 
Hoogkarspel-Watertoren has been carriecl out by 
Pals ( l 977 ), who came to the con cl usion that this 
settlement was situated on a high, initially brackish 
salt-marsh suitable for pasture, which gradually 
became fresher and at the same time suitable for 
arable farming. Among the vegetation types dis
tinguished by Pals around Hoogkarspel-\Xlater
toren there is not a single type of woodland .  In the 
l ist of plant species found at Hoogkarspel-\Xlater
toren not a single tree is represented by seeds or 
fruits .  

Bakels ( 1 974) stuelied pollen from the di tches of 
a Bronze Age burial mound at Hoogkarspel . In her 
opinion this burial mound was si tuated in an open 
environment which was probably not brackisb.  
Pollen of various trees was found, so evidently the 
environment of this burial mouncl was not as tree
less as the surroundings of Zwaagdij k studiecl by 
Van Zeist ( 1 964) and of the Hoogkarspel-\Xlater
toren settlement (Pals, 1 977) .  Bakels ( 1 974, p. 260) 
states the fol lowing : "Perhaps the landscape 
around a settlement was barer than in the neigh
bourhood of burial mounds. A reason for this dif
ference could be that the buriaJ mounds were 
si tuated along rhe rim of the area that was inhabited 
and under cultivation . Then there would have been 
grass-land and arable land on the riclge, and on the 
lower grouncl a longside the ridge groups of trees 
and alder carr" .  

Most  of the \Xlest-Frisian Bronze Age settle
ments studied so far are characterized by a very low 

to fairly Jow percentage of fragments of pig, with
values consistently under 1 0% (table l ) . These low
percentages of pig bones seem to fit in with the 
scarci ty of wooclland in the surrounclings of these 
settlements as inclicated by palaeobotanical studies. 
Possibly there i s  .some connection between the 
slightly higher percentages of pig remains in  Hoog
karspel-\Xlatertoren and Hoogkarspel - 700 B.C.  
and the availabi l i ty of at least some woodland, 
whether only local l y  or temporally, as supposecl by 
Bakels ( 1 974) in  an otherwise treeless environment .  
Van lvlensch and IJzereef ( 1 977,  p .  20 5 ) have a l 
ready commented on differences in  the percentage 
of pig remains between the \Xlest-Frisian Bronze 
Age settlements. Further ecological research wi l l  
perhaps provide an explanation for these minor dif
ferences, a l though the possibi l i ty of cultural factors 
cannot be excludecl. 

It has a lready been mentionecl above that 
palaeobotanical research has given no clear incli
cations of a saline environment in Bronze Age 
\Xlest-Friesland. Conditions were at most some
what brackish.  

Two observations made by Kui jper are of great 
importance to us bere. Kuijper stuelied mol lusc 
shells from burial mound la at Hoogkarspel 
(Kui jper in  Bakels, 1 974) and from the Hoogkar
spel-\Xlatertoren settlement (Kuijper, 1 977) .  He 
founcl tbat Galba lm11c11/att1 was present among the 
mol Jusc remains from both si tes . I t  is therefore 
most probable that the liver-fluke too was able to 
l ive in tbe surroundings of Hoogkarspel and pre
sumably also around the other \Xlest-Frisian Bronze 
Age settlements. 

At Hoogkarspel-\Xlatertoren there are indirect 
inclications of the presence of the dwarf pond-snail 
and the l iver-fluke, for here seecls have been found 
of 111.J'osotis sco1pioides, water forget-me-no c, and 
fl]drorol_)'/e JJ///garis, marsh pennywort (Pals, 1 977,
pp.  20 1 -202) . Bottema and Clason ( 1 979) quote say
ings of farmers from which it i s  evident that these 
plants are suspected of causing liver-fluke infes
tation. Bottema and Clason rightly point out that it 
is not these species of plants themselves that are 
responsible for l iver-fluke infestation, but the damp 
local ity where they occur, which is  also the optimal 
environment for the dwarf pond-snail and the l iv
er-fluke. 

The damp and probably fresh-water environ-
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ment arouod the \'\/est-Frisiao Bronze Age settle
ments may explaio the large oumber of cattle bones 
and the smal! oumber of sheep (/goat) bones in 
these settlements. The preseoce of the liver-fluke, 
as suggested by the finds of dwarf pond-snail ,  
would have restricted the keeping of sheep. There 
would have been fewer problems with keeping 
cattle, which are Jess susceptible to J iver-fluke infes
tation, for the environment would have beeo suf
ficiently  fresh. 

As  for the neolithic settlement at  Zaodwerveo, 
the number of bones studied is very small (Clason, 
1 967), so i t  is uolikely that these bones give a rep
resentative picture of the Jivestocl< compositioo. 
The settlement lay on a ridge of sand, in a sal t
marsh environmeot, as described by Van Regteren 
Al tena and Bakker ( 1 96 1 ) ,  which developed from 
the mud-flats of the Calais  IV  A transgression 
(2900-ca . 2 300 B .C.) .  The extreme scarcity of trees 
in this environment may explain the small number 
of pig bones. Nothing is known about sal ioity con
ditions during the period of occupation. The relat
ively large number of cattle bones and relatively 
small oumber of sheep/goat bones are suggestive of 
fresh-water conditions, as in the \Vest-Frisian 
Bronze Age settlements described above. 

3 .  2. 3 .  The Ear61 111fedieval se!!le111e11/s 

3 .  2 .  3 .  1 Rij11sb111g-Ro!h11/ji1ashe111 
Early medieval Ri jnsburg (7th-9th century A.D.) 
was si tuated in the estuarioe region of the Oude 
Ri jn, fa irly close to the mouth of this river (Van Es, 
1 97 3 ; Sarfat i j ,  1 977) .  In the Early M iddle Ages 
there would have been a strip of eutropbic brackish 
peat just  to the east of the actual river mouth, wbile 
at a short distance from Rij osburg was tbe southero 
extremity of the Old Dune landscape (Poos & Van 
Oosten, 1 974, p. 2 5 ) .  The Old (or Older) Dunes of 
South-Hollaod had gradually become thickly fores
ted from Roman times oowards. The trees growiog 
in these forest included beeches, oaks, birches and 
alders (Zagwijn, 1 970). In  the Old Dunes to the 
oorth of the mouth of the Oude R i  jo  we find place
names ending in -um, -em, etc" iodicating the pre
seoce of settlements as early as about A .D .  800 
(Blok, 1 9 5 7 ;  Poos & Van Oosteo, 1 974, p. 49, fig. 
2 2c). The name of the early medieval settlement in 
Ri j osburg, Rothul fuashem, is an example of such a 

place-oame (Sarfati j ,  1 9 7 5 ,  p .  3 9 ;  1 977) . This  in
dicates that it was in the Early Middle Ages that the 
forest clearance begao in the Old Dunes. The de
forestation of the Old Dunes would s ti l l  have beeo 
on a limited scale during the early Middle Ages. 

From table 1 i t  i s  evident that the percentage of 
pig bones in Ri j nsburg i s  higher thao at  a l l  other 
sites, while the differences in perceotage appear to 
be very sigoificaot (table 2). Io Ri jnsburg we there
fore have a si tuation where a region of natura !  
forest, in which oak  and beech were abundaot, is  
accompanied by a high perceotage of pig bones. 
This appears to support the theory that a forest
rich eovironment induces the keepiog of pigs, since 
here sufficient food for pigs is  present in the form 
of mast. 

Io the Early Middle Ages the Old Dunes be
tween Keonemerland and Rij oland were, l ike those 
further to the north and south, covered with forest .  
The fi rst settlements in th i s  region appeared onl y 
later, not earlier than the 1 1 th- 1 2th ceotury A .D. 
(Zagwijn, 1 970) . 

On the eastero edge of this former forest, of 
which the Haarlemmerhout is a remaioder, lay the 
town of Haarlem, from which a small complex of 
fauna I remains from the 1 4th- 1 5 th century has beeo 
studied (I J zereef, 1 977 ). Of the bones of domesti
catecl mammals 2 5 %  were of pig, i .e. 36 of the 1 47 
bones (ribs not included). This high perceotage of 
pig remains seems to fi t in well with the presumed 
abundaoce .of forest in the 1 4th- 1 5 th century .  

The percentages of fragments of cattle and of 
sheep/goat in Ri jnsburg are intermediate i n  com
parison with the other settlements (tables 3 and 4). 
In the varied environment of Ri j osburg i t  "vould 
have beeo possible to keep cattle as well as  sheep 
(/goat). 

3 . 2 . 3 . 2 .  Doreslad 
Twelve per cent of the domesticated mammal 
bones from Dorestad were of pig (table 1 ) .  This 
percentage was strongly to very sigoificantly 
higher than those for the sites with the lowest per
ceotages (group 1 ). The differences with respect to 
the s ites of group 2 were Jess stroogly significaot 
(table 2) .  

On the bas is  of their research on the wood of 
Dorestad, Casparie and Swarts ( 1 978)  caine to the 
conclusioo that considerable oumbers of trees were 1 0 1  
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felled for the purpose of building and maintaining 
the settlement and harbour of Dorestad .  The 
timber of Dorestad came on the one band from the 
areas of Pleistocene sands, the U trechtse heuvelrug 
and the Veluwe, and on the other from the 
"-Ouviatile deposits around Dorestad. 
, The river-clay region consists of two compon
ents : the somewhat higher dry levees and the 
wetter river basins (Poelman, 1 97 3 ,  pp. 5 2- 5 3 ) .  
Both of these were wooded at the beginning of  the 
Early Middle Ages. The elm, a species which in this 
region can only grow on the levees, was hardly 
represented at all arnong the wood remains of 
Dorestad. Conseguently Casparie and Swarts 
( 1 978) concluded tbat the forests on the levees had 
already been cleared before the Early .M iddle Ages. 
Studies of seeds by Van Zeist ( 1 969) indicated the 
presence of fields and meadows on the deforested 
levees. The meaclows on the levees would have 
been fairly dry and therefore presumably suf
ficiently free of the liver-fluke parasite to permit 
keeping sheep as well as cattle. Ca/ha tn111mla!a, the 
dwarf pond-snai l ,  which is the secondary host for 
the liver-fluke, has not yet been found in Dorestad, 
not even in samples obtained by siev ing (Prummel, 
1 978) .  

The river basins would s t i l l  have been wooded 
in the Early Middle Ages, although deforestation 
may a lready have started by then. Casparie and 
Swarts ( 1 978) were able to indicate which types of 
forest were present on the river basins .  The oak 
and the beech, both producers of mast, were 
among the dominant species of these forests. It is 
therefore conceivable that for the inhabi tants of 
Dorestad the basins provided the opportunity for 
feeding considerable numbers of pigs in the 
autumn. 

Oaks were also present in tbe forests on the 
Pleistocene sands of the Utrech tse heuvelrug, but it 
remains g uestionable whether pigs from Dorestad 
were turned out tbere to feed. To reach these areas 
it would have been necessary to pass through 
hardl y accessible basins which in the Early .i\iliddle 
Ages were still unreclaimed - reclamation first 
to ok place only in the 1 2 th century (Poelman, 1 97 3 ,  
p .  60). This would not have been done, for the 
forest of the basins i tself would have provided suf
ficient mast. No early medieval fi nds have been 
made in the basin region (Van Tent, r 978) ,  indicat-

ing that this region was hardly inhabited. 

3· . 2 .  3 .  3 . .Sc/Jage11 

The early medieval settlement traces to the south of 
Schagen have been provisionally dated as 7th-8 th 
century on the basis of the pottery (\'\/ol tering, 
1 978) .  They therefore date from before the Dun
kirk I I I  transgression phase, during which a large 
part of the northern extent of the province of 
North-Holland, where peat bog vegetation was 
present, became flooded by the sea and covered 
with a marine sediment (Pons & Van Oosten, 1 974, 
pp. 2 8 ,  8 5 ) .  This transgression phase had its height 
in the i 2th century. 

The early medieval remains were found in an 
accumulation layer (\'\/oltering, 1 978 ) .  I t  should 
therefore be taken into account that around 
Schagen the sea was exerting some influence al
ready in the 7th-8th century. This a ssumption is 
supported by the observation of clay layers older 
than the Dunk i rk I I I  deposits in the northern part 
of North-Holland, namely near Den Helder, \Xlar
menhuizen and in the Geestmerambacht, as well as 
by the C 1 4  dating for a layer with shells of the 
brackish form of Cardi11111 er/11/e of 1 3  5 0  B .P. ( i . e .  
A .D.  600) (personal communication D.  P.  Hal
lewas). 

Little is known about the environment of 
Schagen at the time of the early medieval occup
ation . The palaeobotanical  and geologica l  investig
ations are sti l l  in progress. The prel iminary results 
of the palaeobotani cal investigation carried out by 
Mrs. Buurman indicate that both peat-bog and salt
rnarsh elements are present in the sample. This peat 
is  presumably part of the extensive area of peat-bog 
that covered Holland in the Early iVIiddle Ages 
(Pons & Van Oosten, r 974, p .  2 5 ,  fig. 1 4) .  The 
remains of salt-marsh plants as  demonstrated by 
Buurman could be an inclication of marine in
fluence in the surroundings of Schagen in the Early 
Middle Ages .  

It is unl ikely  that forests with oak and beech 
were present in the surroundings of Schagen in the 
Early M iddle Ages. The areas covered with marine 
sediment would have been devoid of trees, and the 
peat-bog areas too, except for a few patches of 
forest swamp. The Old Dunes, which had been 
thickly forested with beech and oak s ince Roman 
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times, were presumably too far away to graze pigs. 
I t  would therefore probab)y have been impossible 
to reach any sizeable area of forest for grazing pigs 
from Schagen. This may be the explanation for the 
l ow percentage of pig bones in this early medieval
settlement (table l ) . The pigs which were kept
would have had to have fed upon organic refuse,  of 
which the available quantity was presumably a Jim
i ting factor for pig-keeping. 

The percentage of sheep (/goat) bones was very 
high in  the earl y medieval settlement near Schagen .  
Only late medieval A lkmaar had percentages of 
sheep (/goat) that were almost as high . The per
centage of cattle was relatively low in this early 
medieval settlement (table l ,  2, 3 ) ,  as was the case 
in Alkmaar. It  has been stated above that this early 
medieval settlement near Schagen possibly lay 
wi thin a region that was saline to some extent at 
least due to the infl uence of the sea . The high per
centage of sheep remains suggests that sheep were 
kept in large numbers in this sal ine environment, as 
sheep have a high salinity tolerance, while in a 
saline environrnent there i s  no chance of liver-fluke 
infestation, to which sheep are highly susceptible. 
Caution is  necessary, however, in attributing the 
high percentage of sheep (/goat) remains in this 
case to the presence of a saline environment, be
cause due to lack of data the presence of such a 
saline environment in  the surrounclings of the early 
medieval settlement near Schagen is hypothetical .  

Sheep would have been kept in this early 
medieval settlement mainly for their wool, as well 
as for meat and milk .  In the Early Middle Ages 
woven lengths of wool, the so-cal led pall ia, were 
important export produets of the etherlancls 
(1 iermeyer, l 964). Sorne of the exported pallia ma y
have originatecl from the surroundings of Schagen .  

The finds of cattle bones inclicate that there 
would have been suitable pasture for cattle around 
Schagen, excluding the possibility of total import. 
This means that there must have been local areas of 
lower salinity. 

3 .  2 -4 .  La te 111edieval Alk111aar 

lVIedieval Alkmaar is si tuated on the northern ext
remi ty of a coastal barrier ridge covered by Ole! 
Dunes (Pons & Van Oosten, 1 974, p. 5 i ) . Between

this and the more extensive region of Old Dunes 
further to the west there i s  only a narrow gap, 
which was bridged at the end of the l z th century 
by a dike (the Zanddij k) .  This large area of dunes 
would have been readily accessible from Alkmaar 
in the Late i\1I iddle Ages. 

The Old Dunes in North-Holland, like those 
near Ri jnsburg, had been covered with forest since 
Roman times. Especial l y  the oak and the beech 
would have made this region attractive for k eeping 
swine. , The region did not remain uninhabited,
however, but was gradually reclaimed : the forest 
was cleared for the purpose of establishing settle
ments and laying out fields for culti vation and pas
ture. 

In the Old Dunes near Alkmaar reclamation was 
a l ready taking place in the 7th and 8 th centuries, as 
i s  evident from place-names. Some place-names 
were already in existence by arouncl A .D .  800 
(Blok, i 9 5 7) .  The suffix -loo in Heiloo, a place 
nearbij Alkmaar, is indicative of a reclaimed settle
ment in woodland (Pons & Van Oosten, i 974, p .  
5 0) .  De  Jong and Van Regteren Altena ( 1 97 3 ,  p .  
46) are of the opinion that the forest on the Old
Dunes had hardly been affected by reclamation 
before A.D. 1 000. After thi s date the process of 
forest clearance increased rapidly, so that by  about 
i 1 oo deforestation was extensive and pas tures 
which had developed on deforested land were al
ready being overgrazed. These factors, in addi tion 
to climatological conditions, contributed to the 
formation of the Young Dunes, as a result of  which 
part of the Old Dunes became covered by wind
blown sand (Pons & Van Oosten, 1 974, p. F) ·
\X/bile this took place the Old Dunes upon which 
Alkmaar lies remained intact. 

It can thus be assumed that the Old Dunes near 
Alkmaar were for the greater part still covered with 
forest  in the 1 oth- 1 2 th centuries, and that defores
tation s teadi ly increased unti l  the l 4th century. For 
the inhabitants of medieval Alkmaar the only area 
of forest available for pannage would have been 
these Old Dunes. The faet that rela tively more pig 
bones were found from the first period than from 
the second (the difference was only weakly signific
ant, see rable 2) may be connected with the more 
l imited degree of deforestation of the Old Dunes 
during the fi rst period. 

Both periods of Alkmaar are characterized by 10 3  
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high percentages of sheep/goat bones. In the 
:Middle Ages wool was an irnportant cornrnodity. 
This would undoubtedly have stirnulated sheep
farming. It will be evident from the following that 
the environmental conditions prevail ing around 
Alkmaar made sheep-farming possible on a large 
scale. 

In the discussion of the Schagen results (3 . 2. 3 .  3 .) 
mention was made of the repeated medieval Dun
kirk III  floodings of the northern part of North
Holland. These floodings, which resulted in the de
position of marine clay, reached as far as Alkmaar 
via the river Rekere (Pons & Van Oosten, 1 974, 
pp. 2 8 ,  5 2 , 8 5 ) .  In the Late :i\if iddle Ages these 
marine deposits still formed an environment of 
mud-flats and sal t-marshes (De Jong & Van Reg
teren Altena, 1 972) .  

On the northern edge of this region that was 
flooded by the Dunkirk I I I  transgression there was 
a settlement near Den Helder (Het Torp) (Van E,.s, 
1 973 )  between the 1 0th and the l zth century . Van 
Zeist ( 1 97 3 ; r 974) made a palaeobotanical study of 
Het Torp, and came to the conclusion that the area 
immediately surrounding the settlement was un
suitable as pasture for livestocl< on account of the 
high salinity. This probably hindereel keeping 
cattle and pigs, but not sheep. 

Probably the same appliecl to the mucl-flats and 
salt-marshes of mecl ieval Alkmaar. It is assumecl 
that, on account of the high salinity, the dwarf 
poncl-snail was not present here, although no mala
cological studies have been carriecl out. \Xfhere 
there are no clwarf poncl-snails ,  there are no l iver
flu kes, as is well known to sheep-farmers. There
fore the hypothesis is  proposed that the many sheep 
of which bones have been founcl in medieval 
A lkmaar were kept in the areas to the north and 
east of the town which had been floodecl by the 
Dunkirk I I I  transgression and covered with a 
marine cleposit .  In these areas the salinity would 
have been generally too high for cattle, which 
therefore presumably grazecl on the dunes and the 
high salt-marsh. The dunes were probably also 
grazecl by sheep : the clryer areas of the dunes 
would have been free of l iver-fluke infestation.  
Nevertheless i t  seems reasonable to look for an ex
planation for the high percentages of sheep/goat 
remains in Alkmaar mainly in the availabil i ty of 
brackish pastures. 

4 . THE METHODOLOGICAL BASIS OF THE
INVESTIGA TION

The differences between the settlement samples 
shown in table 1 have been testecl on the basis of 
the numbers of fragments of clomesticatecl mam
mals (cattle, sheep/goat, pig, horse, dog, cat) ; in 
each case the number of fragments of a certain 
species (pig, sheep/goat or cattle) is entereel in a 2 
X 2 table against the sum of the numbers of frag-

ments of all the other clomesticated species, i .e .  in
cluding horse, dog and cat, species which have not 
been studied in any further detail as regarcls their 
frequency. In most of these samples the remains of 
horse, dog and cat together constitute less than 3 % 
of all bone fragments, and have ve ry li ttle influence 
on the percentages of fragments of cattle, 
sheep/goat and pig. Only in Hoogkarspel-\Xlater
toren is there a h igh percentage of remains of dog, 
almost 8% (nei ther horse nor cat are represented), 
and this has a moderating effect on the percentages 
of cattle, pig and sheep/goat, although not to such 
an extent that this sample woulcl fall into a com
pletely cl ifferent category. 

The attempt to cl iscover any possible relation 
between environment and the pattern of stock-ra i s
ing clescribecl in section 3 . 2  is basecl on a number of 
postu lates mentioned in section r .  One of these will 
be cl iscussecl here in further deta il ,  namely the as
sumption that tbe numbers of excavatecl bones of 
the various clomesticatecl mammal species is pro
portional to the numbers of individual heads of 
stock kept in former times. This postulate is basecl 
in turn upon two assumptions, the fi rst of which is 
that all excavated bones originate not only from 
animals slaughterecl on the spot, but also from 
animals kept on the spot or in the immecliate neigh
bourhoocl, i .e .  that there was no import of anirnals 
for slaughter in  whole or in  part from other types 
of environment fu rther away. This assumption 
probably holds goocl to a large extent for the 
Bronze Age sites, but for the Micldle Ages the pos
sibility should be taken into account of tracle in 
animals for slaughter over greater distances . Yet 
the late meclieval towns would have been largely 
self-supporting or depenclent on the i mmecliately 
surrouncling area as regards meat supply .  

The seconcl assurnption is  that the bones of 
slaughterecl animals are proportionally represented 
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arnong the bones that are preserved and collected. 
In general this assumption will not hold good com
plete ly ,  either : sources of error in the sample of 
fauna! remains collected may include differences in 
slaughter technique and manner of disposal for dif
ferent species, different numbers of s keletal ele
ments in the l iving animals (e.g. the varying num
bers of ful ly  developed metapodia in  different 
species), differences in resistance to processes of 
weathering in the soil and possibly incompletely 
non-selective methods of collection.  Various meth
ods have been devised to evade these problems 
through el iminating these selective factors, e.g. by 
comparing the estimated minimum numbers of in
dividuals, the weight of bone or the numbers of 
fragments of certain s keletal elements. These meth
ods are of such questionable validity, however (see 
e .g .  Uerpmann, 1 97 3 ; Grayson, 1 978) ,  that it was 
decided here to use the method of comparing "or
dinary" numbers of fragments. 

Combining these two assumptions in  a more 
statistical context we can say that the samples of 
fauna! remains listed in table l each represent a 
random sample of al l  the bones preserved in the 
settlement concerned (if the settlement has not 
been excavated completely), which together rep
resents in turn a random sample of the population 
of animals slaughtered, which in turn can be re
garded as a random sample of the animals kept in  
and around that settlement. 

These assumptions are necessary for the X2-tests 
carried out as described in section 1 .  For a critical 
considera tion of the bias of completely random 
sampling in archaeology the reader is referred to 
Cowgil l  ( 1 977), who maintains that this bias is  ge
neral ly not so big that statistical testing is undesir
able and that an intuitive assessment is  the only 
solution. 

Cowgil l  ( 1 977) discusses extensively the inform
ation that x2 values give us .  In our case they say 
something about the samples of fauna! remains 
from the settlements that are compared in pairs and 
about the chance that the members of each pair of 
settlements are alike in  respect of the investigation 
(the nul l  hypothesis), rather than that they differ 
significantly in this respect (the a l ternative hypo
thesis) . The X2 values do not provide any evidence 
for the validity of either of these hypotheses. 
Values of X2 tend to increase as  N increases ( = A 

+ B + C + D), which makes i t  difficult to com
pare different x2 values. This problem can be 
solved by calculating a measure of association that 
is independent of N. Here the <p-value was chosen, 
which is calculated according to <p = Jx2/N
(Blalock,  r 960 ; Cowgil l ,  1 977 ) .  \X/hen association is 
complete, i . e .  in  our case when in the sample of the 
first settlement only fragments of species a are 
found and none of species b-n while in the sample 
of the second settlement only fragments of species 
b-n are found and none of species a ,  then the <p
value i s  high ; when the sample size of both settle
ments of the same order of magnitude, the value of 
<p wil l  be higher, approaching the maximum value 
of <p = T .

If  there is no association at a l l  between the 
frequency of the number of fragments of a species 
and one of the two settlements concerned in the X2 
estimation, then the value of ep i s  o (Bla lock,  1 960). 
All the intermediate values of <p represent d ifferent 
degrees of association . The association can also be 
expressed in a negative sense. 

For the X2 values in  tables 2 ,  3 and 4 the degree 
of association <p was found to be low : the highest 
values were around 0. 24-0 . 3 0 .  This means that for 
each pair of settlement samples, even when the per
centages of fragments of a species from both sam
ples differed considerably and significantly, there is 
some third factor or several other factors determin
ing the extent to which this species is represented in 
all the settlement samples. The method of Lasota
Moskalewska and Sulgostowska ( l 976/7) i s  of  re
levance here in my opinion. This method intro
duces an alteration in the x2-test, in an attempt to 
ascertain exclusively the larger surpluses. Unfortu
nately i t  is impossible for me to understand the 
method completely and to apply it as I am unfa
miliar with the Polish language, in which most of 
the relevant articles are pu blished. 

Some mention was made above of communal 
factors which would  have influenced the frequency 
of (the fragments of) a species in the total number 
of (fragments of) domesticated species .  From table 
l it is evident that in  all settlement samples in
vestigated cattle represent the most abu ndant 
species in  terms of numbers of fragments. This ap
plies to many other \Vest-European settlements 
dating from the periods in question. The reason for 
this is not certain.  There was possibl y a dist inct l O j  
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preference for cattle, a species which p rovided 
milk, meat, b ides, fat and traction power. It seems 
that among the settlements investigated here, it was 
only in those settlements in the p roximity of a 
saline environment, namely Schagen and Alkmaar, 
that sheep were kept in large numbers, presumably, 
in view of the periods from which these settlements 
date, for the purpose of providing wool. 

Dorestad and Ri jnsburg are more or less con
temporary with Schagen, but the percentages of 
bones of sheep/goat are much lower, perhaps be
cause there was no brackish environment in the 
local ity. In the West-Frisian Bronze Age settle
ments the percentages of fragments of sheep/goat 
were low, as indicated in 3 . 2 . 2 , presumably in con
nection with an envi ronment free of liver-fluke in
festation. The reason why sheep were nevertheless 
kept everywhere, even if  in very smal! numbers, 
may be becau se they provided meat, milk ,  wool 
and skins .  Pigs form an important supply of meat 
and were therefore probably kept in all the settle
ments investigated, even where forest was locally 
scarce as they could be fed upon organic refuse. 
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