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Freshwater Fishing from a Sea-Coast 
Settlement-

the Erteb0lle locus classicus Revisited 

by INGE B0DKER ENGHOFF 

INTRODUCTION 

In the classical work on Danish shell middens (Madsen 
et al. 1900) Herluf Winge published results of investi­
gations of fish and other bones from the shell midden at 
Erteb0lle - the type site of the Erteb0lle Culture. The 
present paper presents an analysis of the fish bone ma­
terial recovered during the recent excavations of the 
Erteb0lle shell midden during 1979-84 by S.H. Ander­
sen and E. Johansen. See Andersen & Johansen 1986 
for background information on these new excavations. 

The Erteb0lle shell midden is situated in northern 
Jutland, south of the small town Erteb0lle at the Lim­
fjord. When the settlement was inhabited during the 
late Atlantic period, it lay on the shore of a small bay. 
This bay was delimited by Erteb0lle Roved which ex­
tended further into the sea then, and by a system of 
beach ridges connecting a small island to the shore 
(Petersen 1986) (Fig. 1). The Erteb0lle people had easy 
access to sea water in the bay, where they collected 
oysters and other shellfish, and in more distant waters. 
At that time, the water in the Limfjord was more saline 
than today, as there were more direct connections to 
the North Sea, i.a., in Vester Hanherred directly north 
of Erteb0lle (Petersen 1986 and references therein). 
But there was also easy access to freshwater: the geo­
logy of the area indicates the presence of two now 
disappeared lakes within a few kilometres' distance of 

Fig. 1. Geological map showing the situation of the shell midden at 

Erteb0lle in Atlantic times, at the shore of a small bay delimited by 
stippled lines.- cross: the shell midden, open hatching: Atlantic lakes 

{now dried out, the main part oft he easternmost lake is outside the map), 

dense hatching: former island, FT: freshwater peat, FP: freshwater gyttja, 
FS: freshwater sand, HP: marine gyttja, HS: marine sand, HG: marine 

gravel, DS: meltwater sand, ML: till, clayey, MS: till, sandy, ED: 
mo-clay. Map provided by K.S. Petersen, Geological Survey of Den­
mark. 

the settlement (Petersen 1986 and pers. comm.): one 
about a kilometre south-east of the shell midden, and 
another, larger one immediately east of Strandby, 
about three kilometres southeast of the shell midden; 
see Fig. 1. 



MATERIAL 

The shell midden is at least 141 m long, up to about 
20m broad, and about 1.9 m thick (Andersen &Johan­
sen 1986). The fish bone material analyzed derives 
partly from a I m broad and 29 m long trench cutting 
east-west through the midden. In addition some mate­
rial is from a column sample (in the following referred 
to as the N-column) taken in connection with the 
trench in square N (Fig. 2). Excavations outside the 
midden proper revealed no fish bones. 

The trench was excavated during the years 1980, 
1983, and 1984. Cwanalyses of material sampled from 
the trench wall yielded datings ranging from 4060±95 
b.c. (K-4318) to 3120±90 b.c. (K-4307) (conventional 
cl4 years, like all datings cited in the present paper). 
The layers with fish bone material, however, covered a 
narrower interval, viz., ca. 3800-3100 b.c., and were 
mainly concentrated between 3600 and 3200 b.c. The 
fish bones in the trench occurred partly in an ash layer 
with scattered fish bones and in two pronounced fish 
bone layers, all of limited extent, partly scattered 
throughout the trench in small groups (see p. 68 and 
Andersen &Johansen 1986). The fish bones were fre­
quently found under large oyster shells or in associa­
tion with large mammal bones. The groups of fish 
bones were plotted on a three-dimensional system of 
co-ordinates, collected in toto and submitted for ex­
amination. Fish bones were sorted from the samples 
under the stereo microscope and identification of all 
bones was attempted. 

TheN-column (dimensions: 20 X 20 X ca. 121 em) 
was taken from the southern trench wall in square N. 
The column was divided into 27 samples, as far as pos­
sible following the geological layers in the trench, 
otherwise with intervals of 5 em. With three excep­
tions, where the samples were too small, 2000 g of each 
sample were sieved through progressively finer screens 
(8 mm, 4 mm, 2 mm, and 0.5 mm mesh). The three 
small samples were sieved in full. Fish bones were 
sorted from each fraction, and an attempt was made to 
identify all bones. Three of the samples, however (N 13, 
14, 15) contained very large numbers of bones, and 
from these samples, subsamples were analyzed. For all 
column samples, the numbers of fish bones were con­
verted to numbers per 2000 g. See Table 5. 

The fish bones from both trench and column were 
mostly well preserved, some were even excellently pre-
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Fig. 2. Map of excavated areas in and around the Erteb0lle shell midden. 

The newly excavated trench is shown superimpo~ed on the map from Madsen 

eta/. (1900). The positions of the column samples are indicated at 

squares J and N. The ]-column was not analyzed for fish bones. 

served. Most fine processes etc. were, however, broken. 
Only 3 fish bones in total showed signs of having been 
burnt. 

The Ertebelle shell midden appears always to have 
been situated on the beach, exposed to wave action and 
changing sea levels, for a detailed discussion, see 
Andersen & Johansen 1986. Without doubt, some of 
the bones in the midden were transported over short 
distances by the water. The studies by Petersen (1986) 
ofthe mollusc shells in theJ- and N-columns show that 
there are "no reasons to assume that the midden was 
inundated by the sea for any length of time during the 
millenium of its accumulation". The presence oflarge, 
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Species 

Cyprinids (Cyprinidae), including 
w Roach (Rutilusrutilus) and 
w Rudd (Scardiniuserythrophthalmus) 
w Eel (Anguilla anguilla) 

Gadids (Gadidae), including 
w Cod (Gadusmorhua) and 

Saithe (Pollachius virens) 
w Perch (Percafluviatilis) 
w Garpike (Be lone be lone) 
w Plaice/flounder/dab (Pleuronectes 

platessa/Platichthys flesus/ Limanda 
limanda, including 

Flounder (Platichthysflesus) 
Herring (Clupeaharengus) 

w Three-spined stickleback ( Gasterosteus 
aculeatus) 

w Pike (Esox lucius) 
Eelpout (Zoarcesviviparus) 
Salmonids (Salmonidae), including 

Salmon/Trout (Salmo sp.) and 
Whitefish ( Coregonus sp.) 

Gobiids (Gobiidae) 
Bullhead (Acanthocottus scorpius) 
Sea stickleback (Spinachia spinachia) 
Grey gumard (Eutrigla gurnardus) 
Turbot (Psetta maxima) 
Ray (Raja sp.) 
Spurdog (Squalus acanthias) 

Trench 

67.31 

17.31 
8.42 

2.77 
1.30 
1.08 

0.53 
0.52 

0.27 
0.13 
0.13 

0.06 
0.04 
0.04 
0.02 
0.02 
0.02 
0.02 

99.99 

N-column N-column, 
disregarding 
Gasterosteus 

31.13 61.74 

8.75 17.35 
0.57 1.13 

3.66 7.25 
0.18 0.35 
3.54 7.02 

1.46 2.90 
49.57 

0.21 0.41 
0.84 1.66 
0 0 

0 0 
0 0 
0.09 0.18 
0 0 
0 0 
0 0 
0 0 

100.00 99.99 

Table 1. The species of fish in the Erteb0lle material and their relative frequencies (in %) in the trench and in the N-column. The species are arranged 
according to decreasing frequency in the trench. Species also recorded by Winge (in Madsen eta/. 1900) are marked with a "w". Based on 9462 identified 

bones from the trench and 6697 (converted numbers, see text) from theN-column. 

apparently undisturbed parts ofthe midden is another 
indication that the midden was not significantly affect­
ed by the sea. For example, around the large fireplaces, 
fine stratification shows that the same fireplaces were 
used for extended periods of time (Andersen &Johan­
sen 1986). The fish bones studied derive almost ex­
clusively from these undisturbed parts of the midden. 
For example, the N-column cuts through one of the 
fireplaces. It is therefore reasonable to assume that the 
fish bones which are object of this analysis owe their 
presence in the midden to activities of the inhabitants 
and were not washed ashore from the sea. 

The material is kept in the Zoological Museum, 
Copenhagen. 

SPECIES OF FISH AND THEIR RELATIVE FREQUENCIES 
IN THE MATERIAL 

The fish bones were identified by using the compara­
tive osteological collection offish in the Zoological Mu­
seum, University of Copenhagen. Almost all bones 
were studied with a stereo microscope, because of their 
small size. 

The results are shown in Table 1, where bones from 
the trench and bones from the column are kept sepa­
rate. The relative frequencies of each species shown in 
the table were calculated on the basis of9462 identified 
bones from the trench and 6697 identified bones from 
the column. The latter number is the sum of identified 
bones from each column sample, converted to numbers 



per 2000g of sediment. The real number of identified 
bones from the column was somewhat lower. The num­
ber of unidentified bones cannot be stated, as there was 
a gradual transition from well preserved bones through 
progressively smaller fragments to a homogeneous 
mass of pulverized bones. 

Among the species on the list, those that were re­
ported by Winge (in Madsen et al. 1900) from Erteb0lle 
are marked with a "w". The new list comprises 21 spe­
cies, that of Winge listed 9 species. In the following, the 
species will mostly be referred to by their Latin generic 
names only. 

Table 1 gives a general survey of species and fre­
quencies from the trench material. The dominant 
group offish was the cyprinids, including Scardinius and 
in particular Rutilus. The cyprinids alone constituted 
67% of the total number of identified bones. They were 
followed by Anguilla (constituting 17%), gadids, in­
cluding Gadus and Pollachius (8%), Perea (3%), Belone 
(1 %), and the Pleuronectes!Platichthys/Limanda group, in­
cluding Platichthys (1 %). The remaining species: Clupea, 
Gasterosteus, Esox, Zoarces, salmonids (including Salmo 
and Coregonus), gobiids, Acanthocottus, Spinachia, Eutrigla, 
Psetta, Raja, and Squalus, amounted to barely 2%. 

The N-column included fewer species than the 
trench. Furthermore, there were apparently great dif­
ferences in the relative frequencies of the species. Gaste­
rosteus alone constituted about 50% of the identified 
bones. If, however, Gasterosteus is disregarded and the 
relative frequencies recalculated (Table 1, right co­
lumn), a distribution very similar to that in the trench 
material appears. Cyprinids and Anguilla now consti­
tute 62% and 17%, respectively. This indicates a local 
concentration of Gasterosteus bones in the N-column, 
with the other species occurring in largely the same fre­
quencies as in the trench. 

A survey of the numbers of different kinds ofbones of 
each species/species group is given in Table 2 (only 
trench material). 

The identification of several of the species demands 
further comments: 

Spurdog - Squalus acanthias. Two half, hourglass­
shaped vertebrae were assumed to derive from this spe­
cies because of the proportions of the vertebrae and the 
width of the canalis centra/is. 

Ray-Raja sp. Two dermal denticles from a species of 
ray were found. They could not be identified to species, 
but as their basis was smooth, the common starry ray, 
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Raja radiata, could be excluded. The dermal denticles 
most probably derive from the thornback ray, Raja cla­
vata. 

Salmonids - Salmonidae. Twelve vertebrae were 
identified as deriving from salmonids. Of these, three 
were referred to salmon or trout (Salmo sp.), and one to 
whitefish (Coregonus sp.). 

Cyprinids- Cyprinidae. Including roach, Rutilus ruti­
lus, and rudd, Scardinius erythrophthalmus. Most kinds of 
cyprinid bones are difficult or impossible to identify to 
species. However, identification is possible on pharyn­
geal bones (os pharyngeum inferius) and basioccipitals 
(processus pharyngeus ossis basioccipitalis). These two kinds 
of bone were identified to species, and the remaining 
cyprinid bones were presumed to belong to the same 
species as revealed by the pharyngeal bones and ba­
sioccipitals. A total of 295 cyprinid bones was identi­
fied to species, and of these, 98% were from Rutilus and 
2% from Scardinius (see Table 3). 

Gadids -Gadidae. Including cod, Gadus morhua, and 
saithe, Pollachius virens. Species identification of the 
gadid bones in the material was difficult because most 
of the bones were from very small individuals (total 
length from less than 20 em and up to 30 em) whose 
bones are less species-specific than bones from larger 
individuals. Two species were recognized, viz., Gadus 
morhua and Pollachius virens, on bones as, e.g., pre­
maxillary, dentary, vomer, parasphenoid, and hyoman­
dibular, and there were no indications of further spe­
cies. 28 bones belonged to Gadus morhua and 41 to Polla­
chius virens. A further 74 bones could be identified as 
belonging to either Pollachius virens or pollack, Pollachius 
pollachius. As Pollachius pollachius was not otherwise indi­
cated in the material, these bones were presumed to be 
from Pollachius virens, making the preponderance of this 
species even more pronounced. See also Table 4. 

Gobiids- Gobiidae. Vertebrae and basioccipitale ap­
peared to derive from black go by ( Gobius niger), whereas 
keratohyale was not diagnostic to species. The genus 
Pomatoschistus, however, could be excluded. 

Turbot - Psetta maxima. Two dermal denticles were 
identified to this species. The other Danish species of 
the family Scophthalmidae do not have such denticles. 

Plaice/flounder/dab - Pleuronectes/Platichthys/Liman­
da. Including flounder, Platichthys flesus. These three 
species (in the following referred to as "pleuronec­
tids") are difficult to distinguish on skeletal characters. 
Fortunately, the material included 67 dermal denticles 
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HEAD BONES 
Parasphenoideum 14 1 12 1 
Vomer 7 8 4 
Mesethmoideum 1 
Fronta1e 
Supraoccipitale I 
Basioccipitale 19 4 6 
Prooticum 
Circumorbitalia 1 
Otolithi 5 12 
Neurocranium 
unspecified 
Praemaxillare 10 18 4 8 1 
Maxillare 39 13 1 
Den tale 100 32 8 4 16 
Articulare 81 7 21 3 
Quadrat urn 50 I 24 3 
Palatinum 12 
Entopterygoideum 1 
Ectopterygoideum 15 3 
Praeoperculare 16 11 10 
Interoperculare 13 
Suboperculare 
Operculare 48 I 5 4 
Symplecticum 27 
Hyomandibulare 12 7 36 1 
Hypohyale 53 11 
Keratohyale 154 28 21 1 
Epihyale 5 18 1 
Stylohyale 3 
Urohyale 28 7 7 1 
Basibranchiale 4 
Hypobranchiale 8 
Os pharyngeum 604 28 2 
inferius 
Epibranchiale IS 
Pharyngobranchiale 29 8 
Detached teeth 1 434 

(modified scales) of a very characteristic appearance 
(Fig. 3), deriving from Platiehthys. Pleuroneetes and Li­
manda do not have such den tides, which thus provide a 
means for indicating presence of Platiehthys in subfossil 
materials. 

Bones from all body regions are present for those 
species which are well represented in the material, see 
Table 2. 

The list of species comprises the following fresh-
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water fishes: Esox, Rutilus, Seardinius, Perea, and Gastero­
steus. These are all very common in the vegetation belt 
in lakes. Esox and Perea, however, require water which is 
not deficient in oxygen. They all can furthermore be 
found in slowly running and brackish water. Seardinius, 
however, does hardly tolerate other than very low sali­
nities. By contrast, Gasterosteus also occurs in salt water 
where it may form big schools near the coast during the 
summer. 
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SHOULDER GIRDLE 
Posttemporale 64 3 1 
Supracleithrale 9 54 6 3 
Cleithrum 3 33 2 1 
Postcleithrale 1 
Scapula 70 1 1 1 

PEL VIC GIRDLE 
Basi pterygium 70 3 8 

VERTEBRAE 4449 1494 290 211 97 15 31 11 4 10 12 4 2 2 2 2 

OTHERS 
Tripus 22 
Os suspensorium 88 
Osanale 1 
Dorsal and 
ventral spines 7 
Dorsal scutes 8 
Lateral scutes 10 
Scales etc. 2 + + 67 + 2 2 
unspecified bones 4 8 

Total 6369 1638 797 262 123 102 50 49 26 12 12 6 4 4 2 2 2 2 

Table 2. Specification of the 9462 identified bones from the trench. Numbers of identified bones of each kind and each species are given. Regarding 

cyprinids and gad ids, see Table 3 and 4, respectively, for more information.- Notes: 1 Detached teeth of cyprinids derive from os pharyngeum inferius, 

those of Esoxfrom oral bones. 2 "+"means that scales were found but not counted. The entry under Pleuronectids refers to dermal denticles of Platichthys, 

under Psetta and Raja also to dermal denticles. 

The following species are marine: Squalus, Raja, Clu­
pea, Belone, Pollachius, Gadus, Zoarces, gobiids, Eutrigla, 
Acanthocottus, Spinachia, Psetta, pleuronectids (including 
Platichthys). Of these, Pollachius, e.g., requires a high sali­
nity, whereas others, e.g., Zoarces and Platichthys, are 
also numerous in brackish water. Several of these spe­
cies: Zoarces, gobiids, Acanthocottus, and Spinachia, are 
characteristic of shallow water (the eel grass zone) near 
the coast. This habitat is also suitable for young indivi­
duals of the remaining marine species. The gadids and 
pleuronectids in the material are small individuals 
which must have lived near the coast during the sum­
mer half of the year. Belone visits Danish waters from 
April/May until autumn and spawns in shallow water 
in the eel grass zone. Squalus occurs from shallow water 
to 400 m depth, during summer it may be met with in 
the eel grass zone. Clupea lives pelagically on up to 
250m depth; juveniles occur in very shallow water. 

Salmonids and Anguilla are migratory and may there­
fore occur in salt, brackish, and fresh water. 

All species on the list occur commonly in Danish 
waters nowadays. 

The above information on fish biology was mainly 
taken from Muus & Dahlstrem (1964, 1967). 

The relative frequencies of the species on the list give 
an impression of what kind of fishing the Ertebelle 
people practised. The frequencies cannot, however, be 
directly used as a measure of the importance of each 
species. Different species have different numbers of 
bones: Anguilla has ca. 115 vertebrae, whereas Gadus has 
ca. 50. Also, the species do not have equal chances of 
preservation in the soil (Hoglund 1972: 52, Lepiksaar 
1983, Lepiksaar & Heinrich 1977): some of the species 
on the list, especially Anguilla, pleuronectids, Clupea, 
and salmonids, have very fatty bones with a tendency to 
disintegration, when the fat transforms to fatty acids. 
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(The fatty bones are furthermore preferred by dogs and 
foxes.) Clupea bones are of a delicate structure, salmo­
nid bones are poorly ossified (this is also true of many 
Esox bones). The cartilaginous fishes (Squalus and Raja) 
have particularly poor chances of preservation. At the 
other extreme, bones of Perea and Gadus are poor in fat 
and are usually well preserved in archaeological depo­
sits. Cyprinid bones, too, have fairly good chances of 
preservation. This is illustrated by the present material 
which not only contains huge numbers of cyprinid 
bones but also a large number of different kinds of 
bones from the entire skeleton (Table 2), in spite of 
their small size. 

DISTRIBUTION OF FISH BONES IN TRENCH AND COLUMN 

The finds of fish bones in the trench were plotted on a 
section drawing of the southern trench wall. The fish 
bones occurred throughout the shell midden zone, i.e., 
from square D and westwards. They were, however, 
missing from the parts of the midden, where traces of 
marine activity were present. Fish bones were distinct­
ly concentrated in the middle layers, from where their 
concentration abruptly declined both upwards and 
downwards. This general pattern was well illustrated 
by the distribution of fish bones in the N-column, 
where a concentration in the samples N 13, N 14, and N 
15 was evident, see Table 5. 

As mentioned earlier, the fish bones partly occurred 
in small groups, in an ash layer with scattered fish 
bones, and in two pronounced fish layers. The layers 
were in squares H-K, M-N, and P, respectively, and 
were of the following approximate horizontal extents: 
170 em, 120 em, and 80 em, respectively. 

Squares L to 0 (especially M and N) contained parti­
cularly large numbers offish bones: about two thirds of 
the 9462 identified bones from the trench. 

The species of fish were thoroughly mixed up 
throughout the trench. Freshwater and marine species 
occurred together in the same small groups through the 
entire section. That is, no separate occurrences of, or 
phases with bones from freshwater and marine fishes 
could be recognized. The individual species also oc­
curred throughout the section, with the exception of 
Belone and Gasterosteus. Belone was absent from the 
eastern part of the trench: it was present from square M 
and westwards with the exception of one vertebra in 

Basioccipitale 
Os pharyngeum inferius 
Detached pharyngeal teeth 

Rutilus 

14 
275 

Scardinius 

1 
5 

289 6 

Table 3. Cyprinid bones from the trench, identified to species. 

Gadus Pollachius Pollachius 
virens sp. 

Parasphenoideum 2 2 
Vomer 2 1 
Basioccipitale 1 3 
Otolithi 1 5 
Praemaxillare 3 
Maxillare 5 
Den tale 1 
Articulare 6 3 
Quadrat urn 9 
Palatinum 3 2 
Ectopterygoideum 
Symplecticum 3 
Hyomandibulare 13 
Keratohyale I 4 
Urohyale 1 
Posttemporale 3 2 24 
Supracleithrale 
Postcleithrale I 
Vertebrae 9 6 19 

Total 28 41 74 

Table 4. Gadid bones from the trench, identified to genus/species. 

square G. Gasterosteus had a strongly localized distribu­
tion in the trench: from the middle of square M, 
through square N, and a little into square 0, except for 
four bones in square E. TheN-column cut through this 
local occurrence of Gasterosteus and therefore was 
strongly dominated by this species. 

SIZE OF THE FISH 

The fish bone material from Ertebelle was character­
ized by the remains of small fish. Some was from small 
species of fish, e.g., Gasterosteus (and Rutilus), part was 
from small individuals of species which may grow 
large, e.g., pleuronectids and gadids. Most gadid bones 
were from individuals ofless than 20 em to 30 em total 
length, with a few from fish of 40-50 em. Some of the 



Clupea bones were from juveniles of about 5 em, while 
others were from full-grown individuals. 

Only Anguilla (see below) and in particular Belone 
bones were from longer fish. All Belone bones represent­
ed individuals of about 70 em or more. 

These considerations offish size are based on simple 
comparison of the subfossil bones with recent fish 
skeletons of various sizes. 

Only Anguilla and Rutilus bones were so numerous 
that construction of size-frequency diagrams was war­
ranted. 

The size of the subfossil Anguilla and Rutilus was esti­
mated by means of regression equations, based on re­
cent materials covering the size range of the species in 
question. Logarithmic equations were computed which 
expressed total length of the fish as a function of bone 
measurements. Measurements of subfossil bones were 
then substituted in the equations, resulting in esti­
mates of total length of the subfossil fish (cf. Casteel 
1976, Enghoff 1983). The recent base material for the 
equations was partly found in the collection of the Zoo­
logical Museum, Copenhagen, partly collected for the 
purpose. 

Eel -Anguilla anguilla 

Total length of Anguilla was estimated on the basis of 
four kinds of bone, viz., cleithrum, keratohyale, den­
tale, and first vertebra. It was not possible to find a 
single suitable bone (see Enghoffl983, Hoglund 1972) 
which was abundant in the subfossil material. 

The bones were measured as follows: 
Cleithrum: largest width at the elbow, as shown in 

Fig.4. 
Keratohyale: width as shown in Fig. 4. 
Dentate: largest width in the front end, as shown in 

Fig. 4. 
First vertebra: largest width of posterior face, accord­

ing to Casteel ( 1976). 
The measuring points were chosen on robust parts of 

the bones, known by experience to be mostly well pre­
served. The correlation between these measurements 
and total length of the fish was good. Measurements 
were taken with a slide caliper. 

The relation between total length of Anguilla and the 
four abovementioned bone measurements is given by 
the following regression equations: 
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Fig. 3: Recent and subfossil dermal denticles from flounder (P/atichthys 

(Jesus). -a,c: recent fish, b,d: Erteb0lle material. Notice unmodified part 

of scales, especially prominent in a. -Scales 0.2 mm. Scanning electron 

micrographs. 

1. Equation for estimating total length in mm (TL) of 
Anguilla from width of cleithrum in mm (W c1): 

TL = 287.4749 X Wc1°·7657 (r = 0.9904, n = 12) 
2. Equation for estimating total length in mm (TL) of 

Anguilla from width ofkeratohyale in mm (Wke): 
TL = 345.2232 X Wke0

·
7460 (r = 0.9830, n = 14) 

3. Equation for estimating total length in mm (TL) of 
Anguilla from width of den tale in mm (W de): 

TL = 279.2544 X Wde0·
8969 (r = 0.9720, n = 14) 

4. Equation for estimating total length in mm (TL) of 
Anguilla from width of first vertebra in mm (W rv): 

TL = 225.2683 X Wrv0
·
7832 (r = 0.9781, n = 14) 

In all four equations the variables are highly correlated 
(r close to 1). All measurable bones of the four kinds in 
question were measured (none was burnt or deformed), 
and total length of the subfossil Anguilla was estimated 
according to the equations 1--4. 

The resulting size-frequency diagram, Fig. 5, shows 
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N-I,N-2,N-3 0 
(superficial layers) 
N-4 0 
N-5 1 1 
N-6 1 1 
N-7 0 
N-8 4 2 I 2 9 
N-9 2 II 2 1 1 17 
N-10 1 3 1 1 I 7 
N-11 29 32 2 9 1 2 75 
N-12 7 13 7 27 
N-13 94 57 4 34 15 3 332 4 1 544 
N-14 569 190 22 78 1 148 85 2608 10 28 3739 
N-15 1329 238 7 129 63 7 368 17 5 2I63 
N-16 6 3 1 IO 
N-I7 9 5 1 I5 
N-I8 3 2 3 8 
N-19 18 I3 2 9 1 2 45 
N-20 1 I 
N-21 5 3 1 1 10 
N-22 3 1 1 5 
N-23 1 2 3 
N-24 0 
N-25 7 7 
N-26 2 2 
N-27 3 3 2 8 

Table 5. Vertical distribution of identified fish bones in theN-column. Each sample consists of 2000 g of sediment, except N-4 (1450 g), N-12 (1340 g), 

and N-27 (1220 g). Of sample N-13, only 60% of the 0.5 mm fraction was analyzed; of samples N-14 and N-15, only 20%. Numbers of bones from these 

samples were converted to number per 2000 g. 

that Anguilla in the Ertebelle material was fairly evenly 
distributed over the size range from ca. 30 to ca. 70 em, 
with a few smaller and larger outliers. 

Roach - Rutilus rutilus 

Total length ofRutiluswas estimated on the basis of first 
and second vertebrae. The vertebrae are robust, are 
easy to measure accurately, and were abundant in the 
subfossil material. The largest width of the posterior 
face of the vertebrae was measured, according to Ca­
steel (1976). Owing to the small size of the vertebrae 
they were measured by means of an ocular micrometer. 

The vertebrae, admittedly, were not identified to 

species, but as shown above, the cyprinid material at 
hand contained 98% Rutilus and 2% Scardinius. Thus a 2% 
contamination with Scardinius vertebrae may be expect­
ed among the Rutilus vertebrae; this can be regarded as 
negligible. 

Furthermore, the cyprinids can be divided into two 
groups according to morphology of the second verte­
brae (Le Gall 1984). All second vertebrae in the mate­
rial belong to the group consisting of Rutilus, Scardinius, 
chub (Leuciscus cephalus), dace (Leuciscus leuciscus), and 
bleak (Albumus albumus); several possibilities of confu­
sion are hereby eliminated. 

The relation between total length of Rutilus and the 
vertebral widths is given by the following regression 
equations: 



5. Equation for estimating total length in mm (TL) of 
Rutilus from width of first vertebra in mm (W rv): 

TL = 76.4364 X Wrv0
·
8331 (r = 0.9961, n = 19) 

6. Equation for estimating total length in mm (TL) of 
Rutilus from width of second vertebra in mm (W.v): 

TL = 77.7141 X Wsv0
·
8900 (r = 0.9898, n = 18) 

In both equations the variables are highly correlated. 
All measurable first and second Rutilus vertebrae were 
measured (none was burnt or deformed), and total 
length of the subfossil Rutilus was estimated according 
to equations 5-6. 

The resulting size-frequency diagram, Fig. 6, turned 
out to be very interesting because the Rutilus individu­
als are grouped into clearly distinguished size classes. 
There is a great maximum at ca. 9 em and a smaller one 
at ca. 13 em. Indications of maxima at ca. 5 em and ca. 
16 em are also evident. This size distribution is very si­
milar to size distributions of Rutilus obtained by recent 
fishing over a short period in Danish lakes. A repre­
sentative example of such a size-frequency diagram has 
been inserted on Fig. 6. The maximum representing 
the smallest size class is low in the "recent" diagram, 
like the 5 em maximum on the Ertebelle diagram, be­
cause fish of this size are only rarely retained by the 
fishing tackle - otherwise this maximum would have 
been higher than the others. In the case ofrecentRutilus 
each maximum is known to represent an age-group. 
The maxima on the Ertebelle diagram are therefore 
interpreted as age-groups as well. 

The very pronounced division into age-groups of Ru-

Fig. 4. Eel (Anguilla anguilla), definition of 
bone measurements. -a: right cleithrum, 
lateral view, largest width measured at the 
"elbow", b: right keratohyale, lateral view, 
c: right dentale, dorsal view, largest width 
measured in the front end (tooth sockets only 
shown on part of dentale). 
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tilus from Ertebelle may be interpreted in two ways. 
Fishing may have taken place over a short period of the 
year, same period each year. If fishing had been ex­
tended over a long part of the growth season, the inter­
vals between the maxima would have been filled up 
owing to the growth of the fish. The other possible 
interpretation is that fishing took place during winter, 
where the fish do literally not grow. (Fish are poikilo­
thermic and their growth rate therefore depends on the 
temperature of the surrounding water: they grow 
during the summer half of the year, where the water is 
warm, but the growth almost ceases during winter, 
where the water is cold.) 

The diagram, Fig. 6, is based on all measurable first 
and second vertebrae from the trench material. This 
implies that the size distribution pattern is characteris­
tic of all of the phase of the settlement represented in 
the trench. The constancy of the pattern is supported 
by subdiagrams based on first and second vertebrae 
from larger, isolated groups of bones in the trench. 
These subdiagrams show exactly the same size distri­
bution pattern, with the maxima at the same places. 

The size frequency diagram cannot tell us at which 
time of the year the Rutilus were caught because the 
growth of Rutilus varies widely according to the environ­
ment. A growth ring analysis, on the other hand, might 
give an indication of the fishing season. Unfortunately, 
a growth ring analysis of the vertebrae which formed 
the basis of the size-frequency diagram was not practic­
able. Of Rutilus scales (which are regarded as generally 
well-suited for growth ring analysis (Cragg-Hine & 
Jones 1969)) only 7 fragments were found which were 
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Anguilla anguilla 
Number of individuals 
10 

I 0 I 

20 30 35 40 45 50 55 60 65 

Total length (ern) 
70 75 85 

Fig. 5. Size-frequency diagram of eel (Anguilla anguilla) from Erteb0lle. Total length estimated on the basis of measurements of cleithrum (N=32), 
keratohyale (N=28), dentale (N= 15), and first vertebra (N=12). 

sufficiently well preserved for analysis. These frag­
ments, which all derived from one group offish remains 
(from which no first and second vertebrae were re­
covered), were analyzed by Birgit Therkildsen and in­
dicated capture through the period from spring to 
autumn, in conflict with the abovementioned interpre­
tations ofthe size distribution. 

DISCUSSION 

The location of the Ertebelle settlement was conveni­
ent for exploitation offish from both sea water, for ex­
ample in the bay, and fresh water, for example in the 
two nearby lakes. 

As far as the number of identified fish bones from Er­
tebelle is concerned, freshwater species dominate the 
assemblage, constituting 71% of the trench material. 
Marine species constitute only 12%, and migratory spe­
cies, 1 7%. Many marine species were present in the 
material, but they were each represented by only few 
bones. 

The relative frequencies of bones of different species 
provide an opportunity to estimate the fishing policy of 
the Ertebelle people. In spite of the reservations listed 
above (p. 67), the preponderance of freshwater fish 
bones is so overwhelming that it must be regarded as 
real. The fish species which were most important for 
the inhabitants of this settlement were mainly Rutilus 
(by virtue of its abundance) and Anguilla (by virtue of its 
size and high nutritive value). From the outset larger 
numbers of bones from marine species, especially 
gadids, were expected, considering the maritime situa­
tion of the settlement. The fish bone material from 
Maglemosegard, a roughly contemporaneous, coastal 

Danish settlement, thus included 2500 Gadus bones out 
of a total of 3000 (Aaris-Serensen 1980). The Tybrind 
Vig material, also roughly contemporaneous with Erte­
belle, was also dominated by bones of marine fishes, 
especially gadids (Trolle-Lassen 1984). The paucity of 
gadid bones in Ertebelle cannot be ascribed to poor 
chances ofpreservation (cf. p. 68). 

The fish bone material forming the basis of Winge's 
results was excavated during 1893-97 and covers a 
large area of the Ertebelle shell midden (see Fig. 2). 
This material, which is in the Zoological Museum, Co­
penhagen, has been re-examined and shows the same 
tendency: dominance of freshwater fishes, in particular 
Rutilus and Anguilla. Winge (in Madsen et al. 1900) also 
noticed this. The pattern indicated by the newly exca­
vated material thus seems to be of general validity for 
the Ertebelle shell midden and not to be a local pheno­
menon in the trench area. 

The fish bones recovered during the old excavation 
( 1931) of the Bjernsholm shell midden, situated a short 
way north of Ertebelle, represent Esox, Scardinius, and 
Anguilla only (Rosenlund 1976). This may be a hint that 
the fishing of freshwater fishes from a sea-coast settle­
ment was not unique to Ertebelle but was perhaps char­
acteristic of a larger area. The recent excavations at 
Bjernsholm (by S.H. Andersen and E. Johansen) will 
hopefully throw light on this problem. 

At Ertebelle, all species except Gasterosteus and Belone 
occurred throughout the part of the trench cutting 
through the midden, and freshwater and marine spe­
cies occurred together in the same small groups of 
bones. Several of the species may also occur in brackish 
water, but there is no indication of a nearby brackish 
water area, and furthermore, it is difficult to imagine a 



body of water holding at the same time truly marine 
species like Pollachius and Psetta and pronounced fresh­
water species like, e.g., Scardinius. It must therefore be 
concluded that two different fisheries were conducted 
at the same time: one freshwater and the other marine. 
The freshwater species were probably caught in the 
vegetation zone in one or both of the nearby lakes. The 
range of marine species and their sizes indicate that 
they were caught in shallow water near the shore, prob­
ably in the small bay at which the settlement was situ­
ated. The migratory species, i.e., salmonids and Anguil­
la, may have been caught in either fresh or salt water. 
The size-frequency diagram over Anguilla is of no help 
here, as differences between size distributions in fresh 
and salt water are not assumed to exist (1. Boetius, 
pers.comm.). 

The range of species (i.a., the many Anguilla) and the 
general small size of the fish suggest that fishing took 
place with fish traps at shallow water. Using fish traps 
during summer near the coast of Skagerrak the author 
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caught Anguilla (mostly small, minimum 28 em), Li­
manda (17-23 em), Platichthys (18-21 em), Gadus (13-30 
em), Pollachiusvirens (21-28 em), and Zoarces (22-30 em). 

Remains of fish traps have not been found at Erteb0l­
le. However, a study of the unretouched blades from 
Erteb0lle by Hellejueljensen indicated that they were 
used for splitting thin branches or osiers- these might 
very well have been used for the manufacturing of fish 
traps. Remains offish traps and wattles are known from 
several other, contemporaneous settlements. The only 
fishing tools found at Erteb0lle were 5 fishhooks 
(length 2.5-3.9 em). They were, of course, also used for 
catching, e.g., Perea, Esox, Salmo, and gadids, to mention 
the most likely species from the list. All these species, 
however, may also be caught in traps. 

Be/one is a seasonal fish and must have been caught 
during the summer half of the year. The other marine 
species in the sizes concerned will also most easily have 
been caught within the summer half where they live 
near the coast. 

Rutilus rutilus 
Number of individuals 
50 

40 

30 

20 

10 

0 

• 1st vertebra, N = 186 

D 2nd vertebra, N = 146 

100 

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

Total length (em) 

Fig. 6. Size-frequency diagram of roach (Rutilus rutilus) from Erteoolle. Total length estimated on the basis of measurements of first vertebra (black 
columns) and second vertebra (white columns). Inset: size-frequency diagram (total length) of recent Rutilus caught in a seine net during June 10-14 in 
Skjolden<esholm Gards0, a Danish lake of 10.7 ha., depth 2-2.5 m (from an unpublished report by]. Dahl, 1969). 
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The clearly separated age-groups in the Rutilus size­
frequency diagram, Fig. 6, supported by a similar pat­
tern in subdiagrams (not shown) indicate that Rutilus 

was caught over quite a short period of time each year, 
or during wintertime ( cf. the interpretation of Pollachius 

otoliths from the Oronsay shell middens (Mellars & 
Wilkinson 1980)). It is impressive that a size-frequency 
diagram with so nicely separated age-groups - not 
distinguishable from a diagram based on a recent, 
short-time investigation- can be obtained from a sub­
fossil material (about 6000 years old). This indicates 
that the subfossil bones were well preserved, and that it 
was possible to measure them with a great degree of ac­
curacy. 

The results of the growth ring analysis are in conflict 
with the size-frequency diagram. With the reservations 
that follow from the small (7 scale fragments) and 
hence hardly representative material and from the 
sources of error inherent in growth ring analysis 
(Casteel 1976, see also Cragg-Hine &Jones 1969), the 
growth ring analysis indicates that Rutilus was caught 
throughout the summer half of the year. If the opposing 
results concerning Rutilus are weighted against each 
other, the numerically well-founded size-frequency 
diagram probably stil warrants the conclusion that the 
majority of Rutilus fishing took place during a short 
period of time each year- or during winter. 

On the face of it, it appears peculiar that the Erte­
belle people consequently conducted fishing after Ruti­

lus during a particular, short period ofthe summer half 
year, where food of all kinds was abundant (the Atlantic 
period is considered to have been a very rich period in 
terms offood availability). But perhaps the short-time 
fishing each year was directed chiefly towards Anguilla 

rather than Rutilus. Very many Anguilla bones (1638, i.e., 
17% of the trench material) were found, and Anguilla 
fishing is highly seasonal. In the autumn, when Anguilla 
migrates to the sea, there is a period with chances of 
great catches. In this case, Rutilus should be regarded as 
a secondary catch which was most probably exploited 
as well (see below). However, the possibility that the 
Rutilus size distribution reflects fishing during winter 
cannot be ruled out. 

The fish bones were concentrated in the middle lay­
ers ofthe midden (Table 5). This could reflect a period 
of intense fishing, but there are other possible explana­
tions: secondary diggings, present in the upper layers, 
may have caused oxidation of the bone material, and 

the low number of recovered bones from the lower lay­
ers may be in part caused by precipitation of man­
ganese compounds and ochre obscuring bones. How­
ever, theN-column, which was sieved through a 0.5 mm 
mesh, showed the same low concentrations of fish 
bones in the lower layers. The conditions in the lower 
layers are further complicated by marine activity, 
which is particularly evident here. 

The Ertebelle shell midden is characterized by small 
fish, Belone and Anguilla apart. It might be argued that 
the small fish, i.a., all the small Rutilus which constitute 
two thirds of the fish bone material, and the Gasterosteus, 
were too small to have served as food for the inhab­
itants. 

In the "Material" section it was argued that the 
majority of fish bones in the midden could not have 
been washed ashore from the sea (and most of them 
were from freshwater fish which must have been caught 
inland). An explanation for their presence, especially 
in the small, delimited groups, which does not neces­
sarily involve human activities, is that they represent 
gull pellets. Gull bones were numerous in the midden 
(Madsen et al. 1900). However, each delimited group of 
bones often contained remains from about ten species 
of both freshwater and marine fishes, whereas about 
ten recent gull pellets examined all contained remains 
from a single individual offish only. This explanation is 
therefore little probable. It is also possible that the 
small fish were discarded as rubbish when fish traps 
were emptied for Anguilla or other species. 

However, it appears far more plausible that also the 
small fish were eaten by the inhabitants. Today small 
fish are an important and constant source of food for 
many peoples all over the World. Furthermore, many 
ofthe graves (13 out of 85) in Skateholm, Scania (Swe­
den) Qonsson 1986) contained fish remains which have 
partly been interpreted as preserved stomach-gut con­
tents, and as food offerings consisting of a stew made 
from, i.a., Anguilla, Rutilus, Scardinius, and Gasterosteus. 
Many ofthe fish were small (up to 20 em) individuals. 
Gasterosteus was numerous: one of the graves contained 
Gasterosteus bones representing more than 300 individu­
als. As in Ertebelle, the Skateholm material was char­
acterized by the occurrence of several (up to 8) species 
of fish in each small group of bones. The vessels from 
Tybrind Vig, W Funen (Denmark) also should be con­
sidered. The food crust inside one of these vessels con­
tained, among several other fish remains (presumably 



all from gadids), an opercular bone from a ca. 20 em 
long Gadus (Andersen & Malmros 1984), that is, a gadid 
of similar size of most of those from Erteb0lle. 

In the light of the observations from Skateholm and 
Tybrind Vig it is considered that the Erteb0lle people 
also ate small fish and that the groups of fish bones in 
some way reprP~~nt remains from their meals. Winge 
(in Madsen et al. 1900) reported feces-like objects con­
taining, i.a., bones from small fish. No objects suggest­
ing such an interpretation were found in the present 
material, nor were any noted in the field during the ex­
cavation. (Fish bones may be found in excrements of 
both humans and dogs, although many bones are dis­
solved by digestive juices or destroyed mechanically 
during passage of the alimentary canal Uones 1984)). 

CONCLUDING REMARKS 

Fishing at the Erteb0lle settlement appears to have 
been conducted at two different places. 

Surprisingly enough- we are dealing with the classi­
cal Erteb0lle shell midden which was situated on the 
sea shore - the main fishing (represented by at least 
71% of the bones from the trench) took place in fresh 
water, presumably in one or both of the nearby lakes. 
The numerically dominant species was Rutilus, which 
was caught during a short period of the year, same pe­
riod each year, or during winter. The most reasonable 
explanation for this consequent behaviour may be that 
the freshwater fishing was done by means of fish traps 
set for migrating Anguilla in the autumn, with Rutilus as 
a secondary catch. 

A less important fishing took place from the sea 
coast, presumably in the small bay, where the marine 
species were caught in shallow water, probably within 
the summer half of the year. Fish traps were probably 
the main tool for this fishing, too. 

Presumably, both small and larger fish were eaten by 
the inhabitants of the settlement at Erteb0lle. 

Inge Bodker Enghoff, Zoological Museum, University of Copenhagen, 
Universitetsparken 15, DK-2100 Copenhagen 0, Denmark. 
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