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Abstract
Animal remains are well preserved in archaeological sites, especially the terp sites, of the Wadden Sea area of Denmark, Germany and The Netherlands. Here, we provide an overview on the wild mammals, birds, fishes, amphibians and molluscs found in coastal sites dating from 2700 to 2600 B.C. and 700 B.C. to A.D. 1600. Coastal people used a variety of animal species for food and other purposes. Hunting, fowling, fishing and agriculture did not have much influence on wild stocks in the period from the late Bronze Age/early Iron Age until the late Middle Ages. However, large changes to the landscape were made in the late Middle Ages by diking and damming. As a result, some species such as the northern vole (Microtus oeconomus) and the natterjack toad (Bufo calamita) disappeared from the area except for some dune districts on the islands, and others became rare, such as the grey seal (Halichoerus grypus) and the lagoon cockle (Cerastoderma lamarcki). New habitats arose for birds of dry meadows and fields, like lapwing (Vanellus vanellus) and black-tailed godwit (Limosa limosa). Sturgeon (Acipenser sturio) disappeared from the Wadden Sea within a few decades since A.D. 1890 due to the destruction of spawning grounds by damming and high exploitation pressure. Our findings are important for the ecological history of the region.
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Introduction
Archaeozoological evidence contributes to the ecological history of the Dutch, German and Danish Wadden Sea area. This evidence is obtained from the hard remains of animals that lived on sites used by man or had been brought to them by man. Animal remains, mainly bones, antlers, teeth and mollusc shells, are well preserved in archaeological sites in the Wadden Sea area due to the excellent preservation conditions.
If we use archaeozoological evidence to reconstruct past environments and faunas, we should be aware of the bias that this type of evidence is liable to. There are three sources of bias. The first is the selectivity of the inhabitants of the sites. Cultural customs, preferences, taboos, skills, trade and the way garbage was deposited determine whether the remains of species may be found in a site or not. Animal remains from archaeological sites are of cultural interest in the first place, and of ecological interest only in the second place.
The second source of bias is the diagenesis in the soil, which may have favoured the preservation of some remains and caused the destruction of others. The third is the choices made by the excavator and the archaeozoologist: which part was excavated, was sieving of soil samples practiced to recover bird and fish remains, which groups were identified. Only the third factor may be influenced by archaeologists and archaeozoologists (Reitz and Wing 1999).
The Wadden sea area is an always-changing landscape. The changes are twofold: natural ones and anthropogenic ones. The Holocene sea-level rise resulted in the formation of salt marshes, intertidal flats and gullies along the coast of the Netherlands, Germany and Denmark. The salt marshes varied from rather high, sandy ones to low, clayey ones. Salt marshes bordering a then existing lagoon in the north of the Dutch province Noord-Holland were inhabited during the Neolithic (Theunissen 2001; Zeiler 1997).
Floods around 1250 B.C. made habitation of the Wadden Sea area impossible. New salt marshes developed after about 1000 B.C. The salt marsh was high enough to be occupied by about 700 B.C. The Wadden Sea landscape was attractive for dwelling, pasturing livestock, arable farming, fishing, fowling and gathering. People raised artificial dwelling mounds in the salt marsh, the terp sites (terpen, wierden or Wurten). Peat digging in the hinterland started in the ninth and tenth centuries A.D. in the Netherlands as well as in parts of the German coastal area, e.g. Nordfriesland. This contributed to the birth of large floods, which resulted in the building of dikes from the twelfth century A.D. onwards. Over time, a complete landscape of salt marshes transected by gullies and a gradual fresh-saline transition disappeared (Zagwijn 1986; Prummel 1999).
The archaeozoological evidence presented in this paper shows that the natural conditions of the Wadden Sea area offered the people good living conditions. The anthropogenic influence on the environment was restricted (or immeasurable by archaeozoologists) before the building of dikes and the damming of gullies. These habitat-transforming activities, however, and the increase in human population and exploitation pressure during the late Middle Ages had a strong influence on the fauna, as is shown by the examples of sturgeon, natterjack toad, moor frog (Rana arvalis), white-tailed eagle (Haliaeetus albicilla), lapwing, black-tailed godwit, northern vole, aurochs (Bos primigenius), grey seal and lagoon cockle.

Methods
The archaeozoological remains of a large number of sites were identified by various authors (Table 1) with the aid of the reference collections of modern skeletons at the University of Kiel/Archäologisches Landesmuseum Schleswig, the University of Groningen and the Zoological Museum of Copenhagen. Identification was based on morphological differences between the skeletons of various species. The remains of closely related species, i.e. within a genus, may be impossible to separate, especially when the remains are heavily fragmented. This is mostly the case with archaeozoological material from settlements, which is mainly kitchen refuse.Table 1The Wadden Sea area—reviewed sites in topographical order from north to south/southwest


	Site
	Area
	Epoch1
	Type
	Mode of Excavation
	Author

	Ribe
	Ribe Amt (D)
	MA 8th–9th/12th–13th C A.D.
	Marketplace
	Sieved
	Enghoff 2000

	Trøjborg
	Tønder Amt (D)
	MA A.D. 1300–1580
	Castle
	Handcollected
	Enghoff 2000

	Alt-List
	Sylt/Nordfriesland (G)
	MA
	Settlement
	Handcollected
	Ewersen 1999

	Lembecksburg
	Föhr/Nordfriesland (G)
	Roman/MA 8th–10th C A.D.
	Castle
	Handcollected
	Requate 1956; Schmölcke (2005)

	Dunsum
	Föhr/Nordfriesland (G)
	Iron Age
	Midden
	Handcollected
	Schmölcke and Breede (2005)

	Nebel
	Amrum/Nordfriesland (G)
	Roman
	Midden
	Handcollected
	Segschneider 1999

	Wadden Sea west of Hamburger Hallig
	Nordfriesland (G)
	Neolithic 2293 B.C. (KIA 20952)
	Settlement?
	Handcollected
	H.J. Kühn, personal communication

	Elisenhof
	Eiderstedt/ Nordfriesland (G)
	MA
	Terp2
	Handcollected
	Heinrich 1994; Reichstein 1994

	Wellinghusen
	Dithmarschen (G)
	MA 7th–14th C A.D.
	Terp
	Handcollected
	Witt 2002

	Süderbusenwurth
	Dithmarschen (G)
	Roman 1st–3rd/MA 12th C A.D.
	Terp
	Handcollected
	Witt 2002

	Feddersen Wierde
	Wesermünde (G)
	Roman 1st C B.C.–5th C A.D.
	Terp
	Handcollected
	Heinrich 1991; Reichstein 1991

	Rodenkirchen
	Wesermarsch (G)
	Late Bronze Age
	Settlement
	Handcollected
	Grimm 2003

	Niens
	Wesermarsch (G)
	MA 7th–9th C A.D.
	Terp
	Handcollected
	Walhorn and Heinrich 1999

	Boomborg-Hatzum
	Leer (G)
	Iron Age 7th–4th C B.C.
	Settlement
	Handcollected
	Schneewolf 1977

	Jemgumkloster
	Leer (G)
	Roman 1st C B.C.–3rd C A.D.
	Terp
	Handcollected
	Zawatka and Reichstein 1977

	Bentumersiel
	Leer (G)
	Roman 1st C B.C.–3rd C A.D.
	Settlement
	Handcollected
	Zawatka and Reichstein 1977

	Heveskesklooster
	Groningen (NL)
	Iron Age–A.D. 1600
	Terp and Monastery
	Handcollected
	Prummel and Knol (2005)

	Eenumerhoogte
	Groningen (NL)
	MP 6th C A.D.
	Terp
	Handcollected
	van Giffen 1913

	Middelstum
	Groningen (NL)
	Iron Age 6th–3rd C B.C.
	Terp
	Handcollected
	van Gelder-Ottway 1988; Prummel 1999

	Groningen-Kattendiep
	Groningen (NL)
	MT 16th C A.D.
	Cess-pit
	Sieved
	Brinkhuizen 1988b; Enghoff Bødker 2000

	Paddepoel
	Groningen (NL)
	Roman 200 B.C.–A.D. 250
	Terp
	Handcollected
	Knol 1986

	Baflo
	Groningen (NL)
	MA A.D. 1050–1500
	Terp
	Handcollected
	Halici 2002

	Ezinge
	Groningen (NL)
	Iron Age 4th–3rd C B.C.
	Settlement
	Handcollected
	Brinkhuizen 1988a; Prummel 1999

	Oosterbeintum cemetery
	Friesland (NL)
	MP–MA 4th–8th C A.D.
	Terp, burials
	Sieved
	Prummel 1999; Knol et al. 1995/96

	Oosterbeintum-Terp
	Friesland (NL)
	600 B.C.–A.D. 1500
	Terp
	Handcollected
	Kramer and Prummel 1992–98

	Leeuwarden
	Friesland (NL)
	MA 11th–14th C A.D.
	Town
	Handcollected
	Brinkhuizen 1983; Prummel 1999

	Nijehove
	Friesland (NL)
	MA 9th C A.D.
	Terp
	Sieved
	Enghoff 2000

	Britsum
	Friesland (NL)
	Roman 3rd–5th C A.D.
	Terp
	Handcollected
	van Giffen 1913; Clason and van Es 1992, 1993

	Marsumer Terp
	Friesland (NL)
	Roman 1st–5th C A.D.
	Terp
	Handcollected
	van Giffen 1913

	Lions-Bolland
	Friesland (NL)
	Iron Age 1st C B.C.–1st C A.D.
	Terp
	Handcollected
	de Langen et al. 1994

	Sneek
	Friesland (NL)
	Iron Age 1st–3rd C A.D.
	Terp
	Handcollected
	Clason 1962

	Zweins
	Friesland (NL)
	MA A.D. 1250–1400
	Terp
	Handcollected
	van Maanen and Vaandrager 1988

	Wommels-Stapert
	Friesland (NL)
	Iron Age 700–0 B.C.
	Terp
	Handcollected
	Woltinge and Prummel (2005)

	Tzummarum
	Friesland (NL)
	MA 6th–10th C A.D.
	Terp
	Handcollected
	Hopman 1993

	Schettens
	Friesland (NL)
	Iron Age
	Terp
	Handcollected
	Clark 1946

	Hemert-Arum
	Friesland (NL)
	Late Bronze Age/early Iron Age
	Natural finds
	Handcollected
	Prummel, unpublished data

	Wijnaldum-Tjitsma
	Friesland (NL)
	Roman-MA 2nd–9th C A.D.3
	Terp
	Sieved
	Halici 1997; Prummel 1999 

	Pingjum
	Friesland (NL)
	MP-MA 5th–9th C A.D.
	Settlement
	Handcollected
	Clason 1988; Prummel 1999

	Harlingen
	Friesland (NL)
	MT A.D. 1625–1675
	Cess-pit
	Sieved
	Prummel 1992, 1999

	Kolhorn
	Noord-Holland (NL)
	Late Neolithic 2700–2600 B.C.
	Settlement
	Sieved
	Zeiler 1997; Kuijper 2001

	Oudeschild
	Texel/Noord-Holland (NL)
	MT A.D. 1525–1725
	Defences, pit
	Sieved
	Zeiler 1996

	Schagen-Waldervaart
	Noord-Holland (NL)
	MA
	Terp
	 	Clason and Prummel 1982

	Schagen-Dorpen
	Noord-Holland (NL)
	MA 12th–13th C A.D.
	Terp
	Sieved
	Prummel 1989

	Warmenhuizen-Hartendorp
	Noord-Holland (NL)
	MA 11th–15th C A.D.
	Terp
	Sieved
	Prummel, unpublished data


C century; MA Middle Ages; MP Migration Period; MT Modern Times; D Denmark; G Germany; NL Netherlands. 1 All dates are calibrated dates, i.e. calender years/centuries; 2 Raised dwelling mound; 3 In Tables 2, 3 and 5–7 classified to MP–MA 



The sites used for this paper date to the period 2700–2600 B.C. (late Neolithic) and 700 B.C.–A.D. 1600 (Iron Age to late Middle Ages) (Table 1). The modern ecological requirements of the various species are considered in the interpretation of the data (the actualistic principle). The presence and the relative abundance of a species in a specific site or phase are considered to some extent as indications of the presence and the abundance of the species in the area. However, the human selectivity has always to be considered in drawing conclusions on the absence of a species in archaeozoological materials and on changes in its abundance.
Written sources and pictures of animals were considered as well. However, they are only available for the historical periods, and are rather poor. Identification of the depicted animals proved to be problematic (Prummel 2001).

Results and discussion
Fishes
Pleuronectids and gadids were most abundant in most of the sites (Table 2). This was expected because the pleuronectids live in the Wadden Sea and, furthermore, gadids and pleuronectids could be derived from merchandise. Freshwater fishes were unimportant in the terp sites at all times. The exception is the material from Zweins. However, this deposit is from a late medieval moat, and most fish remains are derived from one individual of roach (Rutilus rutilus). Pike (Esox lucius), perch (Perca fluviatilis) and carp (Cyprinidae) are represented in several of the other materials (Table 2).Table 2The Wadden Sea area—fish remains


	Epoche/site
	Freshwater
	Migratory
	Marine
	Total

	Acipenser sturio, sturgeon
	Anguilla anguilla, eel
	Salmo sp., salmon/trout
	others
	Raja clavata, thornback ray
	Dicentrarchus labrax, European. seebass
	Trachurus trachurus, Atl. horse-mackerel
	Argyrosomus regius, meagre
	Chelon labrosus, thicklip grey mullet
	Liza ramada, thinlip grey mullet
	Gadidae, cod fishes
	Pleuronec-tidae, flatfishes
	Others

	Iron Age

	Dunsum
	 	 	 	 	 	 	 	 	 	 	 	4
	 	21
	25

	Boomborg-Hatzum
	 	7
	 	 	 	 	 	 	 	 	 	 	 	 	7

	Ezinge
	 	 	 	 	 	 	 	 	1
	 	 	 	 	 	1

	Roman

	Süderbusenwurth
	 	2
	 	 	 	 	 	 	 	 	 	 	 	 	2

	Feddersen Wierde
	 	215
	 	3
	5
	 	 	 	3
	 	 	4
	62
	 	292

	Jemgumkloster
	 	8
	 	 	 	 	 	 	 	 	 	 	 	 	8

	Bentumersiel
	1
	20
	 	 	 	 	 	 	 	 	 	 	 	 	21

	MP–MA

	Ribe si
	164
	1
	51
	199
	19
	 	 	5
	 	 	144
	420
	1,991
	2
	2,996

	Lembecksburg
	 	 	 	 	 	2
	2
	 	 	26
	 	 	 	 	30

	Elisenhof
	9
	120
	 	 	 	1
	1
	 	 	1
	 	230
	133
	1
	496

	Oosterbeintum si
	 	 	1
	 	 	 	 	 	 	 	1
	 	20
	5
	27

	Wijnaldum-Tjitsma si
	 	 	+
	 	 	+
	 	 	 	 	+3
	+
	+
	+
	+

	Leeuwarden1 si
	8
	 	 	 	 	 	1
	 	 	 	13
	144
	65
	8
	227

	Nijehove si
	+
	 	+
	 	+
	 	 	 	 	 	 	+
	+
	 	+

	Zweins
	72
	 	 	 	 	 	 	 	 	 	 	 	 	 	72

	Early modern times

	Trøjborg
	 	1
	 	 	 	 	 	 	 	 	 	277
	 	 	278

	Groningen2 si
	66
	 	214
	5
	6
	44
	 	 	 	 	 	543
	493
	57
	1,388

	Harlingen si
	18
	 	4
	 	 	 	 	 	 	 	 	147
	145
	14
	328

	Oudeschild si
	29
	 	110
	 	 	64
	 	 	 	 	 	51
	46
	68
	310


MP Migration Period; MA Middle Ages; si partly or totally sieved material, + present. 1 Speelmansstraat, Sint Jacobsstraat; 2 Kattendiep; 3 Mugilidae; 4 Rajidae



Sturgeon is only frequent in settlements near the mouth of rivers, which this species used on migrations for spawning. Examples are Elisenhof on the river Eider and Feddersen Wierde at the river Weser. Remains of sturgeon are also known from settlements on the lower Ems, namely Boomborg-Hatzum, Bentumersiel and Jemgumkloster (Table 2). Particularly the rivers Eider and Weser, but surely also others, like the Elbe, as is known from historical records, and Ems, offered spawning grounds for the sturgeon. Lots of remains of sturgeon, especially the scutes and subopercularia, were found at Elisenhof and Feddersen Wierde, and most of them point to very large specimens (Fig. 1).
Fig. 1Sturgeon, Acipenser sturio. 1 Cleithrum, 2 Suboperculare; a bones of a recent individual of 110 cm total length, b,c finds from Elisenhof; after Heinrich (1994)




Of course, the frequencies of remains of this large species with large bones are biased in hand-collected material. Nevertheless, the absolute numbers give an idea of its importance. Nearly 3/4 of the fish remains from Roman times in the village of Feddersen Wierde near the mouth of the Weser, and 1/4 of the fish remains in the medieval village of Elisenhof, situated at the Eider estuary, are derived from sturgeon.
The human influence on the sturgeon was manifold. Deepening and straightening and especially damming up of tributaries, which blocked the movements of migratory fish, had already started in the Eider in the sixteenth century. Most disastrous was its damming up near Nordfeld in 1936. From this date onward it was impossible for sturgeon to reach any spawning ground. The most recently built dam near the mouth of the river was the final point in this development. Other factors were inconsiderate fishery in the rivers and the Wadden Sea, and water pollution. The decline of the species is shown by the decline of the fishery from the last decade of the nineteenth century onwards. The fishery totally collapsed around 20 years later (Spratte 2001; Lotze 2005).
Other migratory species found in sites in the Wadden Sea area are the euryoecious (adaptable) eel (Anguilla anguilla), which was found at several sites, and the salmon-trout group, which is very frequent at Ribe (Table 2).
Of special interest are species that mainly have a southern distribution, like thornback ray (Raja clavata), European seabass (Dicentrarchus labrax), Atlantic horse mackerel (Trachurus trachurus), meagre (Argyrosomus regius) and the grey mullets (Mugilidae). The remains of these species are rare at most sites. Exceptions are Ribe with 144 remains of the thin-lipped grey mullet (Liza ramada), and Lembecksburg with 26 remains of the thick-lipped grey mullet (Chelon labrosus). These species may point to relatively shallow and warm waters and may have been more or less rare summer visitors. Today they are known in the Wadden Sea only in summer, if at all. Only the thornback ray is a regular summer visitor. Shallow and warm waters attractive for these fish species perhaps became rarer after the closing of gullies.

Amphibians
Amphibian remains most probably refer to the natural fauna, which means that man did not influence the presence of remains of this group in archaeological sites. What is important is that they are ecologically sensitive and can be used to identify the availability of former habitats. However, their remains are rare in archaeological contexts, especially if no sieving was employed.
Only four species have been identified. One bone points to the common frog (Rana temporaria), a ubiquitous species without special ecological demands. Most of the remains are derived from the natterjack toad. The moor frog is also of importance, and we will mention the green toad (Bufo viridis) (Table 3).Table 3The Wadden Sea area—amphibian remains


	Epoch/site
	Rana arvalis, moor frog
	Rana temporaria, common frog
	Rana sp. frog
	Bufo calamita, natterjack toad
	Bufo viridis, green toad
	Bufo sp., toads
	Anura indet., frogs/ toads

	Iron Age

	Dunsum
	3
	 	 	15
	 	 	79

	Roman

	Feddersen Wierde
	4
	1
	15
	1
	4?
	1
	63

	MP–MA

	Oosterbeintum
	 	 	 	1,586
	 	 	 
	Wijnaldum-Tjitsma
	 	 	 	+
	 	 	 
	Early modern times

	Groningen-Kattendiep
	 	 	3
	 	 	1
	 
	Oudeschild
	 	 	 	8
	 	6
	19


MP Migration Period; MA Middle Ages; + present



B. calamita was found on two islands: Föhr (Dunsum site), a partly morainic island, and Texel (Oudeschild site), a barrier island with a morainic part (De Hoge Berg) near Oudeschild. It is also known from the terp sites Feddersen Wierde, Wijnaldum and Oosterbeintum. The last site yielded nearly 1,600 finds. B. calamita prefers sandy areas with little vegetation, like dunes. Its demands on waters for spawning are low and since it contents itself even with ephemeral and slightly brackish pools, it is to be expected on the islands.
Today, the species lives in Schleswig-Holstein in dune areas and in other more or less sandy parts, like the “Geest”. In the north of the Netherlands it occupies the barrier islands and the peat area (Bergmans and Zuiderwijk 1986). The species does not live in the diked coastal clay areas of Germany and the Netherlands now, but was found in earlier times in Feddersen Wierde, Wijnaldum and Oosterbeintum. As these were terp sites in the undiked salt marsh, it is to be concluded that sandy parts must have existed in the vicinity.
R. arvalis can spawn in temporary pools. However, it likes them to have dense vegetation. It prefers habitats with a high watertable. It obviously found such conditions in the undiked salt marsh. It is uncertain whether the four anuran bones from Feddersen Wierde determined as remains of B. viridis really belong to this species. B. viridis is a southeastern steppe species. Its present distribution does not reach to the coastal area of the North Sea. The conclusion on the amphibian remains is that B. calamita and R. arvalis lost suitable habitats in the former salt marsh after the building of dikes.

Birds
Birds found in the late Neolithic site of Kolhorn on the west coast of the Netherlands (2700–2600 B.C.) represent species from a variety of habitats such as the seashore, tidal flats, salt marshes, marshes, swamps, meadows and arable fields (Zeiler 1997) (Table 4). Ducks of the genera Anas and Mareca are very well represented (more than 50% of all finds), as well as waders and the white-tailed eagle. The great crested grebe (Podiceps cristatus) and the red-crested pochard (Netta rufina) suggest lakes or ponds were present near the site (Table 4).Table 4The Wadden Sea area—bird remains from selected sites


	 
	1. Kolhorn (LN)
	2. Middelstum (I)
	3. Lions-Bolland (I)
	4. Jemgumkloster (R)
	5. Feddersen Wierde (R)
	6. Oosterbeintum (I–MA)
	7. Wijnaldum-Tjitsma (R–MA)
	8. Leeuwarden (MA)
	9. Warmenhuizen-Hartendorp (MA)
	10. Zweins (MA)
	11. Harlingen (MT)

	Gavia stellata, red-throated diver
	 	 	 	 	1
	1
	 	 	 	 	 
	G. arctica, black-throated diver (and G. stellata, red-throated diver?)
	3
	 	 	 	 	 	 	 	 	 	 
	Podiceps cristatus, great crested grebe
	1
	 	 	 	 	 	 	 	 	 	 
	Morus bassanus, northern gannet
	1
	 	 	 	5
	 	 	 	1
	 	 
	Phalacrocorax carbo, cormorant
	 	 	 	 	3
	 	 	 	 	 	 
	Ardea cinerea, grey heron
	 	 	 	 	3
	 	 	 	 	 	 
	Botaurus stellatus, great bittern
	 	 	 	 	1
	 	 	 	 	 	 
	Phoenicopterus roseus, greater flamingo
	1
	 	 	 	 	 	 	 	 	 	 
	Cygnus olor, mute swan
	 	 	 	 	 	 	 	 	2
	2
	 
	C. cygnus, whooper swan
	 	 	 	 	5
	 	 	 	 	 	 
	C. bewickii, Bewick’s swan
	 	 	 	 	 	1
	3
	 	 	 	 
	Cygnus sp.
	2
	 	 	 	 	 	1
	 	 	 	 
	Anser albifrons, white-footed goose
	 	 	 	 	4
	 	2
	 	 	 	 
	A. serrirostris/A. fabalis, bean goose
	 	 	 	 	 	 	2
	1
	 	 	 
	A. brachyrhynchos, pink-footed goose
	 	 	 	 	 	 	 	2
	 	 	 
	A. brachyrhynchos // A. serrirostris/A . fabalis, pink-footed goose // bean goose
	 	 	 	 	3
	 	 	 	 	 	 
	A. anser, greylag goose
	2
	 	1
	 	29
	1
	8
	35
	 	1
	 
	Anser sp.
	 	 	 	 	 	 	5
	 	 	 	 
	Branta leucopsis, barnacle goose
	 	 	 	 	6
	 	4
	3
	 	 	 
	B. bernicla, brent goose
	11
	 	 	 	 	 	6
	2
	 	 	 
	Branta sp.
	2
	 	 	 	 	 	 	 	 	 	 
	Tadorna tadorna, shelduck
	 	 	 	 	 	 	3
	 	 	 	 
	Anas platyrhynchos, mallard
	192
	2
	 	 	33
	7
	235
	115
	21
	2
	16

	A. acuta, pintail
	 	 	 	 	5
	 	14
	 	 	 	4

	A. clypeata, shoveler
	3
	 	 	 	 	 	18
	 	 	 	1

	A. crecca, teal
	32
	 	 	 	 	13
	20
	2
	1
	 	1

	A. querquedula, garganey
	6
	 	 	 	 	 	6
	 	 	 	 
	A. crecca/ A. querquedula, teal/garganey
	566
	 	 	 	 	 	3
	2
	 	 	1

	Mareca strepera, gadwall
	1
	 	 	 	 	 	2
	 	 	 	 
	M. penelope, wigeon
	1
	 	 	 	2
	 	32
	4
	2
	 	24

	Anas /Mareca sp.
	1,497
	 	1
	 	 	 	40
	 	4
	 	 
	Netta rufina, red-crested pochard
	1
	 	 	 	 	 	 	 	 	 	 
	Aythya ferina, pochard
	 	 	 	 	 	 	4
	1
	 	 	 
	A. nyrocca, ferruginous duck
	 	 	 	 	 	 	1
	 	 	 	 
	A. fuligula, tufted duck
	 	 	 	 	 	 	10
	 	1
	 	 
	Aythya sp.
	 	 	 	 	 	1
	 	 	 	 	 
	Somateria mollissima, common eider
	 	 	 	 	1
	 	 	 	 	 	 
	Melanitta fusca, velvet scoter
	 	 	 	 	 	 	1
	 	 	 	 
	Clangula hyemalis, long-tailed duck
	 	 	 	 	 	 	 	 	1
	 	 
	Bucephala clangula, goldeneye
	 	 	 	 	 	 	1
	2
	1
	 	 
	Merganser merganser, goosander
	 	 	 	 	 	 	3
	2
	 	 	 
	Mergus serrator, red-breasted merganser
	 	 	 	 	 	 	2
	 	 	 	 
	Haliaeetus albicilla, white-tailed eagle
	 	1
	 	1
	13
	 	1
	 	 	 	 
	Aquila/Haliaeetus, (white-tailed) eagle
	4
	 	 	 	 	 	 	 	 	 	 
	Circus aeruginosus, marsh harrier (and Circus sp.)
	3
	 	 	 	3
	 	 	 	 	 	 
	Accipiter nisus, sparrowhawk
	 	 	 	 	 	 	 	1
	 	 	 
	Falco tinnunculus, kestrel
	 	 	 	 	 	 	 	1
	 	 	 
	Bird of prey
	1
	 	 	 	 	 	 	 	 	 	 
	Coturnix coturnix, common quail
	2
	 	 	 	 	 	 	 	 	 	 
	Grus grus, crane
	 	 	 	 	3
	 	1
	 	 	 	 
	Haematopus ostralegus, oystercatcher
	 	 	 	 	 	 	1
	1
	 	 	 
	Charadrius hiaticula, common ringed plover
	 	 	 	 	 	 	1
	 	 	 	 
	Pluvialis apricaria, golden plover
	 	 	 	 	 	1
	6
	 	 	 	3

	P. apricaria/P. squatorola, golden/grey plover
	3
	 	 	 	 	 	 	 	 	 	 
	Calidris canutus, red knot
	8
	 	 	 	 	 	22
	 	 	 	 
	C. alpina, dunlin
	32
	 	 	 	 	4
	27
	 	1
	 	 
	C. minuta/C. temminckii, little/Temmink’s stint
	 	 	 	 	 	20
	2
	 	 	 	 
	Tringa totanus, redshank (and Tringa sp.)
	 	 	 	 	 	4
	4
	 	 	 	 
	Limosa limosa, black-tailed godwit
	 	 	 	 	 	 	2
	 	 	 	 
	L. lapponica, bar-tailed godwit
	 	 	 	 	1
	 	3
	 	 	 	 
	Numenius arquata, curlew
	 	 	 	 	4
	1
	 	1
	 	 	 
	N. phaeopus, whimbrel
	 	 	 	 	1
	 	 	1
	 	 	 
	Lymnocryptes minimus, jack snipe
	 	 	 	 	 	 	3
	 	 	 	 
	Philomachus pugnax, ruff
	10
	 	 	 	 	 	5
	 	1
	 	 
	Larus argentatus, herring gull
	3
	 	 	 	 	 	 	 	 	 	 
	L. argentatus/L. graelsii, herring gull/ lesser black-backed gull
	 	 	 	 	4
	 	 	 	 	 	 
	L. marinus, great black-backed gull
	 	 	 	 	4
	 	 	 	 	 	 
	Rissa tridactyla, kittiwake
	 	 	 	 	 	 	1
	 	 	 	 
	Uria aalge, guillemot
	 	 	 	 	2
	 	 	 	 	 	 
	Strix aluco, tawny owl
	 	 	 	 	1
	 	 	 	 	 	 
	Asio flammeus, short-eared owl
	 	 	 	 	 	 	1
	 	 	 	 
	Motacilla flava, blue-headed wagtail
	1
	 	 	 	 	 	 	 	 	 	 
	Oenanthe oenanthe, northern wheatear
	 	 	 	 	10
	 	 	 	 	 	 
	Turdus iliacus, redwing
	 	 	 	 	 	 	1
	 	 	 	 
	Corvus frugilegus, rook
	 	 	 	 	 	 	1
	 	 	 	 
	C. corone, carrion crow
	1
	 	 	 	4
	 	 	 	1
	 	 
	C. corax, raven
	 	 	 	 	5
	 	 	 	 	 	 
	Carduelis cannabina, linnet
	 	 	 	 	 	 	1
	 	 	 	 
	Total identified bird remains
	2,390
	3
	2
	1
	156
	54
	509
	176
	37
	5
	50


Site 1 Late Neolithic, sites 2–7 pre-dike-building period, sites 8–11 (post-)dike-building period. LN Late Neolithic, I Iron Age, R Roman Period, MP Migration Period, MA Middle Ages, MT Modern Times (for details see Table 1)



The bird remains found in terp sites from the period 700 B.C. until the twelfthth century A.D., i.e. before the period of dike building, also represent various environments. People used a great variety of bird species. Most numerous are the remains of species from tidal flats, salt marshes, swamps, meadows and arable fields such as ducks, mainly of the genera Anas and Mareca, geese and waders, especially of the genera Calidris, Philomachus, Tringa and Pluvialis (Table 4).
Ducks continued to be the most common wild bird species in archaeozoological materials after the building of dikes. The stress is now even more on the genera Anas and Mareca, which will be ducks captured in duck decoys. In contrast, waders became rarer in the bone materials, presumably because they were hunted less. An exception is the golden plover (Pluvialis apricaria), which was still regularly captured, presumably with a special fowling method, the wilstervangst (Jukema et al. 2001), on the former salt marshes. The finds of sparrowhawk (Accipiter nisus) and kestrel (Falco tinnunculus) in the town of Leeuwarden are perhaps associated with hawking (Prummel 1997). The white-tailed eagle is represented in layers as late as the tenth and eleventh centuries A.D., but disappeared from the Wadden Sea area thereafter, probably because of hunting pressure and habitat loss.
Some species are strikingly lacking or rare in the bone materials from the pre- and the post-dike-building periods: for example, lapwing and black-tailed godwit. Today they are common breeding birds on the former salt marshes in the Netherlands (Schekkerman 2002; Wymenga 2002). These species presumably became more numerous after dry meadows and arable fields arose on the former salt marshes after the building of dikes.

Mammals
Most sites show no wild mammal remains at all, or only in small numbers. Hunting of wild mammals was of some importance in the late Neolithic site of Kolhorn and of almost no importance in the terp sites, perhaps because of the rarity of game in the salt marsh (Tables 5, 6). Aurochs, red deer (Cervus elaphus), elk (Alces alces), the northern vole and the marine mammals are worthy of some comments.Table 5The Wadden Sea area—terrestrial mammals


	Species/sites
	Kolhorn (LN)
	Wadden Sea west of Hamburger Hallig (LN)
	Rodenkirchen (B)
	Middelstum (I)
	Paddepoel (I)
	Lions-Bolland (I)
	Sneek (I)
	Bentumersiel (R)
	Jemgumkloster (R)
	Britsum (R)
	Feddersen Wierde (R)
	Oosterbeintum-cemetery (MP-MA)
	Oosterbeintum Terp (I-MA)
	Wijnaldum-Tjitsma (R-MA)
	Tzummarum (MA)
	Elisenhof (MA)
	Warmenhuizen-Hartendorp (MA)
	Baflo (MA)
	Leeuwarden Speelmansstr. (MA)
	various terp sites in van Giffen 1913

	Beaver (Castor fiber)
	3
	 	 	 	 	 	 	3
	 	 	 	 	 	 	 	 	 	 	 	 
	Northern vole (Microtus oeconomus)
	26
	 	 	 	 	 	 	 	 	 	38
	108
	 	+
	 	76
	 	 	 	 
	Field vole (Microtus agrestis)
	 	 	 	 	 	 	 	 	 	 	 	1
	 	 	 	 	 	 	 	 
	Microtus sp.
	129
	 	 	 	 	 	 	 	 	 	 	17
	 	 	 	 	 	 	 	 
	Water vole (Arvicola terrestris)
	1
	 	 	 	 	 	 	 	 	 	 	1
	 	 	 	 	 	 	 	1

	Apodemus sp.
	 	 	 	 	 	 	 	 	 	 	 	1
	 	 	 	 	 	 	 	 
	House mouse (Mus musculus)
	 	 	 	 	 	1
	 	 	 	 	 	 	 	 	 	 	14
	 	 	 
	Unidentified mouse species
	 	 	 	 	 	 	 	 	 	 	 	61
	 	 	 	 	1
	 	 	 
	Wolf (Canis lupus)
	 	 	 	 	 	 	 	 	 	 	 	22
	 	 	 	 	 	 	 	 
	Red fox (Vulpes vulpes)
	1
	 	 	 	 	 	3
	 	 	 	3
	 	 	 	 	15
	 	 	 	1

	Bear (Ursus arctos)
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	5

	Stoat (Mustela erminea)
	1
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	1

	Western polecat (Mustela putorius)
	10
	 	 	 	 	 	 	 	 	 	 	 	 	+
	 	 	 	 	 	1

	Otter (Lutra lutra)
	3
	 	 	 	 	 	 	 	 	 	1
	 	 	 	 	 	 	 	 	 
	Mustelidae
	1
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	Rodentia
	12
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	1
	 	 	 
	Wild cat (Felis silvestris)
	1
	 	 	 	 	 	 	 	 	 	4
	 	 	 	 	 	 	 	 	 
	Wild boar (Sus scrofa)
	 	 	 	 	 	 	 	4
	3
	 	3
	 	 	 	 	1
	 	 	 	5

	Pig/wildboar (Sus domesticus//S. scrofa)
	58
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	Red deer (Cervus elaphus)
	5
	 	4
	25
	22
	 	 	15
	2
	 	1304
	142
	262
	+2
	22
	842
	 	13
	12
	124

	Elk (Alces alces)
	 	 	5
	 	 	 	 	 	 	 	 	 	 	+2
	 	 	 	 	 	45

	Roe deer (Capreolus capreolus)
	4
	 	 	 	12
	 	2
	1
	 	 	244
	 	 	+
	 	 	 	 	 	44

	Cervidae
	1
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	Aurochs (Bos primigenius)
	1
	11
	1
	 	 	 	 	4
	1
	11
	6
	 	 	 	 	1
	 	 	 	4

	Total
	257
	11
	10
	2
	3
	1
	5
	13
	6
	11
	209
	205
	26
	 	2
	177
	16
	1
	1
	38


 LN Late Neolithic; B Bronze Age; I Iron Age; R Roman Period; MP Migration Period; MA Middle Ages; MT Modern Times (for details see Table 1). 1 Partial or almost complete skeleton; 2 Objects made out of antler or waste of antler working; 3 Skull with sawn antler; 4 Mainly antler; 5 Only antler


Table 6The Wadden Sea area—remains of marine mammals


	Epoch/site
	Phoca vitulina, harbour seal
	Halichoerus grypus, grey seal
	Phocoena phocoena, harbour porpoise
	Tursiops truncatus, bottlenosed dolphin
	Lagenorhynchus albirostris, white-beaked dolphin
	Delphinidae indet., dolphins
	Orcinus orca, killer whale
	Globicephala melaena, long-finned pilot whale
	Physeter macro-cephalus, sperm whale
	Cetacea indet., whales

	Iron Age

	Dunsum
	 	 	 	 	 	 	 	 	 	3

	Boomborg-Hatzum
	 	 	 	 	 	1
	 	 	 	 
	Middelstum
	 	2
	 	 	 	 	 	 	 	 
	Schettens
	 	 	 	 	 	 	3
	 	 	 
	Roman

	Nebel
	 	 	 	 	 	+
	 	 	 	 
	Süderbusenwurth
	1
	 	1
	3
	 	 	 	 	 	2

	Feddersen Wierde
	25
	 	8
	14
	1
	 	2
	1
	1
	 
	Paddepoel
	 	 	 	 	 	 	 	 	 	1

	Marsumer Terp
	 	1
	 	 	 	 	 	 	 	 
	MP–MA

	Ribe
	 	 	 	 	 	 	1
	 	 	 
	Lembecksburg
	26
	20
	4
	 	 	 	 	 	 	 
	Elisenhof
	2
	 	1
	 	 	 	 	 	 	1

	Wellinghusen
	 	 	1
	 	 	 	 	 	 	 
	Südenbusenwurth
	 	 	 	 	 	 	 	 	 	2

	Niens
	1
	 	 	 	 	 	 	 	 	 
	Eenumerhoogte
	 	 	 	 	 	 	 	 	2
	 
	Oosterbeintum
	 	 	 	 	 	 	 	 	 	1

	Wijnaldum-Tjitsma
	 	3
	 	 	 	 	 	 	 	 
	Leeuwarden1
	1
	 	 	 	 	 	 	 	 	 
	Pingjum
	 	1
	 	 	 	 	 	 	 	 

MP Migration Period; MA Middle Ages; + present. 1 Speelmansstraat



Aurochs remains are found in small numbers in salt marsh sites. The latest evidence is from the Wurt of Elisenhof in Schleswig-Holstein: eighth to thirteenth centuries A.D. (Reichstein 1994). An almost complete skeleton of a male aurochs was found in the Dutch terp site Britsum. It dates from between the end of the third and the beginning of the fifth century A.D. (Clason and van Es 1992, 1993). Aurochs presumably lived in low numbers in the salt marsh.
Most of the red deer and elk finds in the terp sites are antler fragments: mainly tools, like combs and awls, or waste from tool production. These remains will not represent animals that lived on the salt marsh. Red deer and elk antlers were obviously imported as raw materials to the salt marshes in the Roman period and the early Middle Ages.
A habitat change is reflected in the bones of the northern vole in terp sites. The species is represented in four terp sites that date from before the building of dikes (Elisenhof, Feddersen Wierde, Oosterbeintum and Wijnaldum). It apparently lived on the salt marsh, perhaps on more sandy areas (Table 5). It was also found in four Neolithic wetland sites in the northern part of the Dutch province Noord-Holland: Kolhorn (Zeiler 1997; Table 5), Zeewijk, Bouwlust and Keinsmerbrug (Theunissen 2001). The modern Dutch northern vole population is a western relic of the original European population (Ligtvoet 1992; van Apeldoorn 1999). Finds from northern Germany show that the species still occurred there in the first millennium A.D. (Table 5).
The northern vole lives in reedlands, swamps, moist meadows, extensively used pastures and marshy riverbanks. Today it occupies five isolated wet, low-lying areas in the lower parts of The Netherlands (Fig. 2) (Ligtvoet 1992). The Convention of Bern obliges The Netherlands to take measures to protect it. The northern vole is absent in the former salt marsh area at present. The common vole (Microtus arvalis) is the only vole species there today.
Fig. 2The 1970–1988 distribution of the northern vole (Microtus oeconomus) in The Netherlands (closed circles finds of living or dead animals; open circles pellet finds) (after Ligtvoet 1992, p 277) in comparison with the archaeological finds 1–3. 1 part of Noord-Holland with the sites Kolhorn, Zeewijk, Bouwlust and Keinsmerbrug; 2 Wijnaldum; 3 Oosterbeintum. 4 is the salting Tiendgorzen, that was transformed from arable into marsh in 2001, and was colonised by the northern vole in 2003




The building of the dikes destroyed the northern vole habitats in the salt marshes. The area obviously became too dry for the species and offered insufficient shelter. That the northern vole may occupy suitable new habitat was demonstrated in November 2003, when the species was encountered on the salting of Tiendgorzen (province of Zuid-Holland, The Netherlands) (Fig. 2). This salting had been transformed from arable into marsh in 2001 (Kierkels 2004).
Two species of seal can be expected in the Wadden Sea: the harbour seal (Phoca vitulina), which is common, and the grey seal, of which present colonies are only known in the Wadden Sea on flats off Amrum (Germany) and on flats between Vlieland and Terschelling (Netherlands). Both colonies have developed recently.
Colonies of grey seal obviously existed in the Dutch and the German parts of the Wadden Sea in earlier times. The last is shown by the finds of the Lembecksburg on the island of Föhr (Germany). However, harbour seal colonies probably existed in earlier times as well. This is shown by the many remains of this species found in the Feddersen Wierde from the pre-dike-building period. The sites Elisenhof and Lembecksburg, which belong at least partly to the pre-dike-building epoch, yielded remains of harbour seals as well (Table 6).
The grey seal was relatively frequent until about the tenth century A.D. according to the number of remains (Table 6), whereas the harbour seal presumably became more important in the late Middle Ages and up to now. The decrease of the grey seal is due to higher disturbance by man from the twelfth century onwards, after the dikes had been built (Prummel 1999). The pups, which are born in winter, wear their foetal lanugo-coat, which protects them against cold and wet. However, in this coat they cannot swim because it lets water through. Thus the grey seal needs safe, unflooded places in order to give birth to its young. Such places became rare with the growing human population, but also with the rising tidal amplitude. The sandbanks became flooded to a higher degree than before dike building and the damming up of gullies.
The growing population of the harbour seal, which was rare in other parts of northern Europe such as the Baltic in prehistoric times as well (Clark 1946), has not yet been explained. However, it is to be supposed that this species was not really affected by a rising tidal amplitude connected with flooded sandbanks, as its young are able to swim within some hours after birth (Reijnders 1992).
The common porpoise (Phocoena phocoena) is the most numerous cetacean species in the material. Today it is the most abundant cetacean species in the North Sea and the Baltic. This was obviously also true in earlier times. The bottle-nosed dolphin (Tursiops truncatus) takes second place today and in the past. Some remains of other cetacean species were found as well (Table 6). That is not surprising, for many of them are cosmopolitans, and strandings still occur.

Molluscs
Coastal inhabitants in former times regularly consumed a variety of shellfish such as Cerastoderma edule, Mytilus edulis, Ostrea edulis, Littorina littorea and Buccinum undatum. Smaller tidal flat molluscs represented in some sites are probably accidental finds (Table 7).Table 7The Wadden Sea area - mollusc shells


	Species
	Kolhorn (LN)
	Hemert-Arum (B/I)
	Lions-Bolland (I)
	Paddepoel (I)
	Wommels-Stapert (I)
	Heveskes-kloos-ter (I-MA)1
	Feddersen Wierde (R)
	Nebel (R)
	Wijnaldum-Tjitsma (R-MA)
	Lembecksburg (R-MA)
	Oosterbeintum (MP-MA)
	Tzummarum (MA)
	Schagen-Waldervaart (MA)
	Elisenhof (MA)
	Schagen-Dorpen (MA)
	Alt-List, Sylt (MA)
	Warmenhuizen-Hartendorp (MA)
	Harlingen (MT)

	Marine molluscs

	Mytilus edulis, mussel
	++
	16
	 	 	 	3
	330
	+
	++
	31
	114
	 	5
	1
	14
	122
	2
	11

	Ostrea edulis, oyster
	 	 	 	 	 	 	1
	+
	+
	1
	 	 	 	 	7
	 	 	 
	Cerastoderma edule, common cockle
	+
	 	+
	 	3
	35
	 	+
	+
	 	9
	 	3
	 	24
	13
	3
	40

	C. lamarcki, lagoon cockle
	 	25
	 	 	 	193
	 	 	 	 	 	 	 	 	 	 	 	 
	Cerastoderma sp.
	 	9
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	Spisula subtruncata, cut-trough shell
	 	1
	 	 	 	1
	 	+
	 	 	 	 	 	 	 	 	 	 
	Spisula sp. trough shells
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	1
	 	 	 
	Macoma balthica, Baltic tellin
	+
	4
	 	 	 	115
	 	+
	+
	 	 	 	 	 	 	1
	 	20

	Scrobicularia plana, peppery furrow shell
	 	2
	+
	 	2
	4
	 	 	 	 	 	 	 	 	1
	 	 	6

	Venerupis pullastra, pullet carpet shell
	 	 	 	 	 	 	 	+
	 	 	 	 	 	 	 	 	 	 
	Mya arenaria, sand-gaper
	 	 	 	 	 	 	 	+
	 	 	 	 	 	 	 	 	 	 
	Abra tenuis
	 	 	+
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	Littorina littorea, common periwhinkle
	+
	 	 	 	 	1
	 	+
	++
	 	7
	1
	2
	 	13
	24
	 	5

	Hydrobia ulvae
	 	 	+
	 	 	 	 	 	 	 	238
	 	 	 	 	 	 	 
	Hydrobia ventrosa
	 	 	 	 	 	12
	 	 	 	 	 	 	 	 	 	 	 	 
	Hydrobia sp., laver spire shells
	 	 	 	 	 	 	 	 	+
	 	 	 	 	 	6
	 	 	 
	Buccinum undatum, common northern whelk
	 	 	 	 	 	 	 	 	 	 	 	1
	 	 	4
	 	 	 
	Nassarius reticulatus, netted nassa
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	1
	 	 
	Rissoa sp.
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	2
	 	 	 
	Retusa obtusa
	 	 	+
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	Sepia officinalis, common cuttlefish
	 	 	 	 	 	 	+
	 	+
	 	 	 	 	8
	 	 	 	 
	Unidentified
	 	 	 	 	 	 	 	 	 	 	211
	 	 	 	 	 	 	 
	Freshwater molluscs

	Unio pictorum, painter’s mussel
	 	 	 	1
	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	Lymnaea stagnalis, stagnant pond snail
	 	 	 	 	 	5
	 	 	 	 	 	 	 	 	 	 	 	 
	Planorbis sp.
	 	 	 	 	 	1
	 	 	 	 	 	 	 	 	 	 	 	 
	Terrestrial molluscs

	Oxyloma sp.
	 	 	 	 	 	1
	 	 	 	 	 	 	 	 	 	 	 	 
	Succineidae
	 	 	+
	 	 	 	 	 	+
	 	1
	 	 	 	 	 	 	 
	Columella edentula, toothless column
	 	 	+
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	Vallonia pulchella, lovely vallonia
	 	 	+
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	Total
	 	57
	 	1
	5
	371
	331+
	 	 	32
	580
	2
	10
	9
	72
	51
	5
	82


LN Late Neolithic; B/I Bronze Age/Iron Age; I Iron Ag; R Roman Period; MP Migration Period; MA Middle Ages; MT Modern Times (for details see Table 1); + present; ++ abundant. 1 The Heveskesklooster contexts with the lagoon cockle, C. lamarcki, date to the fourteenth century A.D.; 2 Or Modiolus modiolus 



Two Cerastoderma species are represented: the common cockle, Cerastoderma edule (Linnaeus, 1758), which lives in marine habitats, and the lagoon cockle, Cerastoderma lamarcki (Reeve, 1844), which lives in estuarine, brackish habitats (Table 7). That two Cerastoderma species have been present in northern and western Europe only became clear in the 1980s (Brock 1991; Poppe and Goto 1993). C. lamarcki was recognized in natural deposits at two sites in the Dutch part of the Wadden Sea area: Hemert-Arum (Late Bronze Age/Iron Age) and Heveskesklooster (presumably fourteenth century). The Heveskesklooster lagoon cockles developed in the outer and inner moats of the medieval monastery there (date ca. A.D. 1300–1610) after a dike break along the river Ems (Prummel and Knol 2005).
Today C. lamarcki is rare in the Dutch and German parts of Wadden Sea. It was recognized alive in a large creek on the island of Schiermonnikoog in 2003 (van Leeuwen 2003). It occurs in ditches, creeks and ponds on the island of Sylt (Reise 2003). In contrast, this species was more common in the past (also Kuijper 2001) for neolithic sites in Noord-Holland). This is shown by the dead valves that are found in the Dutch Wadden Sea (de Boer and de Bruyne 1991). The brackish, estuarine conditions favourable for C. lamarcki became rare after the building of the dikes.


Conclusions
The animal groups discussed here suggest that human activities in the centuries before the late Middle Ages, for instance the erasing of terp sites, arable farming, pasturing, hunting, fishing, and fowling, did not seriously affect the Wadden Sea area and its fauna. The human impact on the wild fauna increased when diking and damming started in about the twelfth century A.D. and the human population and the exploitation of wild animals increased.
We conclude that some species disappeared from the Wadden Sea area or lost large areas of habitat little by little because of hunting, the dense human population, and habitat destruction due to the building of dikes. This holds for aurochs, northern vole, white-tailed eagle, natterjack toad and moor frog. Estuarine, brackish conditions disappeared, resulting in the decline of the lagoon cockle. A new habitat for birds and mammals of dry meadows and arable fields arose, like that for lapwing, black-tailed godwit and the common vole. The sturgeon disappeared within a few decades since A.D. 1890 due to damming and high exploitation pressure. Any changes in the presence of many other species may be invisible for us because of the human selection bias in archaeological sites.
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