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Accomodation

07.09. Naturfreundehaus Biindheim, Bad Harzburg Tel. 05322 4582
08.09. Bundeslehranstalt Burg Warberg, Warberg Tel. 05355 9610
09.09. Hotel & Restaurant Priser’s Gasthof, Hellwege  Tel. 04264 9990
10.09. Naturfreundehaus “Heinrich Frey” am Wollingster See  no phone
11./12.09. Friesen-Hotel, Jever Tel. 04461 4340
13.09. Haus Tafelfreuden & Hotel Sprenz, Oldenburg Tel. 0441 83227



Itinerary (roughly)

Sunday 07.09.2014

Individual arrival at Hanover Central Station / Hof Cafe
16:00 — Approx. 75 min bus drive to the Harz mountains

Accomodation at the Naturfreundehaus Bad Harzburg
18:00 - Welcome BBQ at the Naturfreundehaus

Monday 08.09.2014

08:30— Check-out and departure

08:45 — Bogs of the Harz mountains (Radauer Born, Sonnenberger Moor)

11:45 - Lunch

12:30 - Departure for Schéningen

14:00 - Paldon Center and Palaeolithic excavation in the opencast mine Schéningen
17:00 — Departure for the memorial of the inner German border at Hotensleben
18:30 - Accomodation and dinner at Burg Warberg

Tuesday 09.09.2014

08:00 - Check-out and departure (long bus haul)

11:00 - Vegetation and history of Northwest German Heathlands — Lineburger Heide
Lunch in the field (Toter Grund)

14:00 - Departure for Eversen

15:30 - Palaeolimnology of Northwest German lakes — Eversener See

17:30 - Accomodation and dinner at Priser’s Gasthof in Hellwege

20:30 - Evening night drink at Hermann Behling’s house in Hellwege

Wednesday 10.09.2014

09:00 - Check-out and departure

10:15 - Palaeotopography and vegetation history of Sievern

12:00 - Departure for Wanna

12:30 - Lunch

13:00 — Neolithic settlement and land-use in northwestern Germany
15:00 - Departure for Wollingst

15:30— Palaeolimnology of Northwest German lakes — Wollingster See
17:30 - Accomodation and buffet at Naturfreundehaus Wollingster See



Thursday 11.09.2014

08:30 - Check-out and departure

09:30 - The last growing bog at the North Sea coast — Sehestedter Aullendeichsmoor
12:00 — Departure for Neuenburg

12:30 - Lunch

13:15 - The historical forest “Neuenburger Urwald”

15:15 - Departure for Jever

15:45 - Accomodation at Friesenhotel in Jever

16:30 - Guided tour at Jever brewery

18:30 - Dinner at restaurant “Jever Fass”

Friday 12.09.2014

06:30— Early departure for NeBmersiel
07:30- Hike through the tidal flats to the island of Baltrum
en-route: Settlement and Cultural History of the Wadden Sea
11:00 Crossing Baltrum from salt marshes through dunes to the beach
Development of the East Frisian Islands
Sea level history and submerged landscapes of the North Sea
17:15- Return by ferry to NeBmersiel and by bus to Jever
19:30 - Dinner at restaurant “Jever Fass”
Accomodation at Friesenhotel in Jever

Saturday 13.09.2014

09:00 - Check-out and departure

09:30 - Fuel peat cutting in Wiesmoor

10:30 - Peat and horticulture in Wiesmoor

12:00 - Bog renaturation at Stapeler Moor

13:00 - Lunch

14:00 — Departure for Bad Zwischenahn

14:30 - Searching for early Neolithic at Lake Zwischenahner Meer
16:30 — Sphagnum cultivation at Hankhauser Moor

17:30 - Departure for Oldenburg

18:00 - Accomodation at hotels “Tafelfreuden” and “Sprenz” in Oldenburg
19:00 - Farewell dinner at restaurant “Tafelfreuden”

Sunday 14.09.2014

Departure
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Facts about Lower Saxony

Lower Saxony (German: Niedersachsen) is a German state (Bundesland) situated in
northwestern Germany and is second in area, with 47,624 kmz, and fourth in population (8
million) among the sixteen states of Germany. In rural areas Northern Low Saxon, a dialect
of Low German, and Saterland Frisian, a variety of East Frisian, are still spoken, but the
number of speakers is declining.

Lower Saxony borders on (from north and clockwise) the North Sea, the states of Schleswig-
Holstein, Hamburg, Mecklenburg-Vorpommern, Brandenburg, Saxony-Anhalt, Thuringia,
Hesse and North Rhine-Westphalia, and the Netherlands. Furthermore, the Free Hanseatic
City of Bremen forms two enclaves within Lower Saxony, one being the city of Bremen, the
other, its seaport city of Bremerhaven. In fact, Lower Saxony borders more neighbours than
any other single Bundesland. The state's principal cities include the state capital Hanover,
Brunswick, Liineburg, Osnabriick, Oldenburg, Hildesheim, Wolfenbiittel, Wolfsburg and
Gottingen.

The northwestern area of Lower Saxony, which lies on the coast of the North Sea, is called
East Frisia and the seven East Frisian Islands offshore are popular with tourists. In the
extreme west of Lower Saxony is the Emsland, a traditionally poor and sparsely populated
area, once dominated by inaccessible swamps. The northern half of Lower Saxony, also
known as the North German Plains, is almost invariably flat except for the gentle hills around
the Bremen geestland. Towards the south and southwest lie the northern parts of the
German Central Uplands: the Weser Uplands and the Harz mountains. Between these two lie
the Lower Saxon Hills, a range of low ridges. Thus, Lower Saxony is the only Bundesland that
encompasses both maritime and mountainous areas.

The region in the northeast is called the Lineburg Heath (Lineburger Heide), the largest
heathland area of Germany and in medieval times wealthy due to salt mining and salt trade,
as well as to a lesser degree the exploitation of its peat bogs up until about the 1960s. To the
north, the Elbe river separates Lower Saxony from Hamburg, Schleswig-Holstein,
Mecklenburg-Western Pomerania and Brandenburg. The banks just south of the Elbe are
known as Altes Land (Old Country). Due to its gentle local climate and fertile soil it is the
state's largest area of fruit farming, its chief produce being apples.

Most of the state's territory was part of the historic Kingdom of Hanover; the state of Lower
Saxony has adopted the coat of arms and other symbols of the former kingdom. It was
created by the merger of the State of Hanover with several smaller states in 1946.

Lower Saxony falls climatically into the north temperate zone of central Europe that is
affected by prevailing westerlies and is located in a transition zone between the maritime
climate of Western Europe and the continental climate of Eastern Europe. This transition is
clearly noticeable within the state: whilst the northwest experiences an Atlantic (North Sea
coastal) to Sub-Atlantic climate, with comparatively low variations in temperature during the
course of the year and a surplus water budget, the climate towards the southeast is
increasingly affected by the continent. This is shown by greater temperature variations
between summer and winter and in lower and more variable amounts of precipitation
across the year. This sub-continental effect is most sharply seen in the Wendland, in the
Weser Uplands (Hamelin to Gottingen) and in the area of Helmstedt. The highest levels of
precipitation are experienced in the Harz because the Lower Saxon part forms the windward
side of this mountain range against which orographic rain falls. The average annual
temperature is 8 °C (7.5 °C in the Altes Land and 8.5 °C in the district of Cloppenburg).
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Landscapes of Lower Saxony

with excursion stops

Bogs of the Harz mountains
Schoéningen spears

Totengrund in the Liineburg Heath
Lake Eversen

Palaeolandscape at Sievern
Neolithic sites at Wanna and Flogeln
Lake Wollingst
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13
14

The ,,swimming” bog of Sehestedt

The historical forest of Neuenburg
Baltrum Island

Peat exploitation at Wiesmoor

Bog regeneration at Stapeler Moor
Stone Age sites at Zwischenahner Meer
Paludiculture at Hankhauser Moor



Physical geography of Lower Saxony
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Natural regions of Lower Saxony

Niedersachsische Nordseekiste und Marschen
Deutsche Bucht

Watten und Marschen
Ostfriesisch-Oldenburgische Geest
Stader Geest

Ems-Hunte-Geest und
Dimmer-Geestniederung
Lianeburger Heide und Wendland
Luneburger Heide

Wendland, Untere
Mittelelbeniederung
Weser-Aller-Flachland

Boérden

Boérden (Westteil)
Ostbraunschweigisches Higelland
Weser- und Weser-Leinebergland
Osnabriicker Hugelland
Weser-Leinebergland

Harz
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Geology of Lower Saxony
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Maximum extent of ice advances
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Soils of Lower Saxony
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Precipitation in Lower Saxony

tidally influenced areas omitted
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Agriculture and land use in Lower Saxony
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landw. Flachen 1999
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Monday, 08.09.2014
Bogs of the Harz mountains and Schoningen

Bogs of the Harz mountains (H.-U. Kison, K.-E. Behre, F. Bittmann)

Paldon Center and Palaeolithic excavation in the opencast mine Schoéningen (T. Terberger,
K.-E. Behre, F. Bittmann)

Memorial of the inner German border at Hotensleben

Accomodation and dinner at Burg Warberg
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Some facts on the Harz mountains

Geography, Geology

Map of the Harz mountains (http://www.nationalpark-harz.de)

The Harz Mountains are the highest mountains in N-Germany, belonging to Lower Saxony,
Saxony-Anhalt and Thuringia. The area (110 x 30-40 km, 2.226 km?) is characterised by steep
mountain ridges, stone runs, relatively flat plateaus with many raised bogs and by long, nar-
row V-shaped deep valleys (Bode gorge, Oker, Selke and Sieber valley among many others)
with rivers and many (artificial) lakes. The center called Hoch-Harz comprises all “summits”
above 800 m a.s.l.: Brocken 1141.2 m a.s.l., Saxony-Anhalt, Wurmberg 971.2 m, Acker-
Bruchberg range with Auf dem Acker 865.1 m and Bruchberg 927 m and Achtermannshdéhe
924.7 m, Lower Saxony). The Harz is a fault-block mountain range, which rises abruptly from
the surrounding lowlands in the west and northeast and gradually dips towards the south.

The Harz is geologically the most diverse of the German Central Uplands, although it is
overwhelmingly dominated by base-poor rocks. The most common rocks lying on the surface
are argillaceous shales, slaty (geschieferte) greywackes and granite intrusions in the shape of
two large igneous rock masses or plutons. The Gielen-Harz surface layer of the Rhenoher-
cynian zone, which is widespread in the Harz, consists mainly of flysch. Well-known and eco-
nomically important are the limestone deposits around Elbingerode and the Gabbro of Bad
Harzburg.

The Harz Mts. as today were formed during the last 30 million years (Ma) as an uplifted crus-
tal block. Deep reaching erosion removed the former deposited cover rocks — so the sedi-
mentary and magmatic rocks of Paleozoic age became exposed at the surface. This outcrop-
ping rock pile of Paleozoic became folded and sheared intensely in the Hercynian (Variscan)
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orogenesis caused by plate collisions in the Carboniferous (about 350-305 Ma). At that time
numerous high mountains appeared in Western Europe, including the Fichtelgebirge and

Rhenish Massif. They were, however, heavily eroded due to their height (up to 4 km) and
were later covered by Mesozoic rocks.

Magmatic melts were generated since the acid crust became stacked and thickened in the
course of the Variscan plate collisions. Granitic, dioritic and gabbroid melts, generated in the
middle and lower crust, invaded 295 Ma ago to higher crustal levels. In this time three oval
shaped magmatic plutons were formed in the area of the Harz Mts. They penetrated the
before folded sediments of Paleozoic and the Ecker gneiss. In the case of the Brocken massif
a sequence of magmatic intrusions formed a slab-shaped body of magmatic rocks (lacco-

lithe). Magmatic activities started with the emplacement of the Harzburg gabbro and dioritic
rocks, followed by the intrusion of more acid melts (granites).

Natural and geological regions of the Harz mountains (Figures from Beug et al. 1999)

From the Early Cretaceous and into Late Cretaceous times the Harz was uplifted in a single
block by tectonic movements and, particularly during the Tertiary period, the younger over-
lying strata were eroded and the underlying base rock left standing as low mountains. The
most important uplift movements were during the sub-Hercynian phase (83 mya), when the
northern edge was steeply tilted. This formed a fault zone on the northern border of the
Harz (the Northern Harz Boundary Fault or Harznordrandverwerfung). The original horizontal

deposited Mesozoic sediments were tilted almost vertical building escarpments which can
be followed northwards.
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Erection and tilting zone at the northern rim of the Harz (after Mohr 1973)
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North of the mountains lie the Cretaceous layers of the sub-Hercynian depression in the roll-
ing hills of the Harz Foreland; south of the Harz, Permian sediments lie flat on southwest-
dipping Palaeozoic beds.

As a result of the northern fault zone and the vertical or, sometimes even overfolded, geo-
logical strata, the geology of the Harz sometimes changes frequently within a relatively small
area of just a few square kilometres. As a consequence of this it is also referred to as the
"Classic Geological Square Mile" (Klassische Quadratmeile der Geologie).

Climate, hydrology

Exposed to westerly winds from the Atlantic, the windward side of the mountains has up to
1,600 mm of rain annually (West Harz, Upper Harz, High Harz); in contrast, the leeward side
only receives an average of 600 mm of precipitation per annum (East Harz, Lower Harz,
Eastern Harz foothills) and the central German dry area (450-550 mm).

Drainage goes towards Weser and Elbe, roughly following the division of Upper and Lower
Harz respectively. The largest rivers in the Harz are in the north the Innerste (to Leine-Aller-
Weser) with the tributaries Nette and the Grane, the Oker (to Aller-Weser) with the Radau,
Ecker and llse and the Bode (to Saale-Elbe) with Hassel, Selke and Holtemme; in the east the
Wipper (to Saale-Elbe) with the Eine; and in the south the Oder (to Rhume-Leine-Aller-
Weser) with Sése fed by the Sieber. Also draining to the south are Zorge, Wieda and Uffe, all
flow into the Helme (to the Unstrut-Saale-Elbe).

Annual precipitation (after Haase 1954 in Beug et al. 1999); Se Seesen, He Herzberg, L Bad Lauter-
berg, N Neuhausen, Bl Blankenburg, W Wernigerode,, B Ha Bad Harzburg, Go Goslar, Cl Clausthal, Z
Zellerfeld, StA St. Andreasberg, A ALtenau, So Sonnenberg, B Braunlage

There are 17 modern dams in the Harz to block a total of twelve rivers. Because the Harz is
one of the regions of Germany that experiences the most rainfall, its water power is still
used today, primarily to generate electricity, to provide drinking water for cities as far as
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Bremen, to prevent flooding and to supply water in times of scarcity. Modern dam-building
began in the Harz with the construction of the Sése Valley Dam, which was built between
1928 and 1931. The dams of the Upper Harz lakes are some of the oldest dams in Germany
that are still in operation.

Pre-history and early history

A few finds give evidence for the early presence of humans in the Harz mountain area: Tools
used by Neanderthals were discovered for example in the Einhorn Cave in the southern Harz
(100,000 years old) and in the Riibeland Caves. Finds of birch pitch near Aschersleben on the
northern edge of the Harz point to the use of this prehistoric adhesive by Neanderthals
about 50,000 years ago.

Many discoveries in the Harz, such as the bronze club of Thale (celtic), give evidence of hu-
man occupations during the Holocene. However, settlement within the mountains began
only about 1000 years ago, as in ancient times dense forests made the region almost inac-
cessible.

The Harz(gau) was first mentioned as Hartingowe in an 814 deed by the Carolingian King
Louis the Pious. According to the Fulda annals of 852, the Harzgau was occupied by the
Harudes and after whom the Harudengau (Harudorum pagus) was named. Harud, from
which Hard, Hart and Harz are derived, means forest or forested mountains, and the
Harudes were the residents or dwellers in the Harud.

Charlemagne declared the Harz a restricted imperial forest or Reichsbannwald. Later the
Saxon Mirror (Sachsenspiegel), the oldest German law book (Rechtsbuch), probably pub-
lished around 1220/30 at Falkenstein Castle in the Selke valley, made the imperial restriction
clear: "Whoever rides through the Harz Forest, must unstring his bow and crossbow and
keep dogs on a line — only crowned royalty (gekrénte Héupter) are allowed to hunt here".
But mining, ironworks, water management, increasing settlement, woodland clearances,
cattle driving, agriculture and, later, tourism, all undermined this imperial protection in the
centuries following.

As early as 1224, monks who had settled in Walkenried bought extensive tracts of forest in
the western Harz, to secure economically the one quarter of the Rammelsberg ore profits
promised to them by Frederick Barbarossa in 1129. From that it can be deduced that there
was already a shortage of wood then. From the 12th to the 14th centuries, large parts of the
Harz were managed economically by the Cistercian Abbey of Walkenried. As well as agricul-
ture and fishing, they also controlled the silver mining industry in the Upper Harz and in Gos-
lar.

In the middle of the 14th century, the settlements in the Harz became heavily depopulated
as a result of the Black Death, and a systematic resettlement of mining villages in the Upper
Harz did not take place until the first half of the 16th century.

In 1588, the Nordhausen doctor, Johannes Thal, published the first book on regional flora in
the world, Silva hercynia, in which he described the flowers specific to the Harz.

In 1668, Rudolph Augustus, Duke of Brunswick-Liineburg granted the first conservation or-
der for Baumann's Cave. The ducal decree stated that the cave should be permanently pre-
served by all those responsible as a special, natural wonder. It also stated that nothing
should be spoiled or destroyed, and that groups of ordinary strangers should not be allowed
to enter without prior arrangement. A resident mine worker was entrusted to oversee the
natural monument. Until the issue of this conservation order, there had only been an order
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for the protection of the forest, which had been issued by the ruling princes for real, practi-
cal considerations. But for the first time the 1668 cave order took ethical-aesthetic consider-
ations into account. The year 1668 was the birth of classic nature conservation in the Harz.
The order had been precipitated by the earlier, serious destruction of the cave's features by
vandals. The first Harz 'rangers' were formed.

In 1705, the last bear was killed in the Harz, on the Brocken.

The steadily increasing consumption of wood by the pits and smelting works led to overex-
ploitation of the forests and, from about 1700, to their outright destruction. There were no
less than 30,000 charcoal piles in the Harz. In 1707, an order by Count Ernst of Stolberg for-
bade Brocken guides to take strangers or local folk to the Brocken without special permis-
sion, and the lighting of fires was forbidden. The first attempts at forest conservation in the
Harz were centred on the Brocken, and began with a far-sighted nature conservation act
over 275 years ago. In 1718, Count Christian Ernest of the House of Stolberg issued an ordi-
nance in which destruction or damage to the forest on the Brocken would be severely pun-
ished.

As a young man, the famous German poet, Goethe visited the Harz several times and had a
number of important lifetime experiences. These included his walks on the Brocken and his
visit to the mines in Rammelsberg. Later, his observations of the rocks on the Brocken led to
his geological research. His first visit to the Harz awakened in him a keen interest in science
(see Goethes: Wahrheit und Dichtung). In 1777, Goethe climbed the Brocken, departing
from Torfhaus. Goethe described his feelings on the summit later: So lonely, | say to myself,
while looking down at this peak, will it feel to the person, who only wants to open his soul to
the oldest, first, deepest feelings of truth.

On 23 March 1798, the last wolf was killed in the Harz.

Around 1800, large parts of the Harz were deforested. The less resistant spruce monocul-
ture, a consequence of the mining industry in the Upper Harz, was largely destroyed by a
bark beetle outbreak and a storm of hurricane proportions in November 1800. This largest
known bark beetle infestation in the Harz was known as Grofe Wurmtrocknis, and destroyed
about 30,000 ha of spruce forest and lasted about for 20 years. The woods were largely re-
forested with spruce. Continuous problems with bark beetle and storms were the negative
side effects of mining in the Harz Mountains.

In 1818 the last lynx in the Harz was killed.

Prof. Dr. Albert Peter laid out the Brocken Garden in 1890. This was the first alpine flower
garden to be established in Germany. And, in terms of its scientific concept and scope, the
Brocken Garden was the first of its type worldwide.

The Brocken Railway started in 1899, against the strong concerns of conservationists.

In 1907, Hermann Lons uttered his famous cry "More Protection for the Brocken" (Mehr
Schutz fiir den Brocken) in light of the mass tourism that was beginning to affect the Brock-
en. By 1912, he effectively insisted on the establishment of a Harz “national park”, however
calling it Harzer Heimatspark. The Harz played a special role in the life of the famous regional
poet, naturalist and local patriot, undoubtedly not least because his second wife, Lisa Haus-
mann, came from Barbis in the South Harz.

Around 1920, the capercaillie (Tetrao urogallus) population in the Harz died out.
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During the dark Nazi era, the Harz became an area for the armaments industry. Many facto-
ries, were located here increasingly staffed with forced labour. As a result, the Harz was the
location of several hundred forced labour camps and KZs at that time.

After World War |l the forests of the Harz mountains have been almost totally cleared by the
British. Between 1945 and 1990, the inner German border ran through the Harz. Today the
Harz forms a popular tourist destination for summer hiking as well as winter sports. Since
January 1994 a National Park, one of the biggest forest national parks in Germany, is existing
belonging to Lower Saxony and Saxony-Anhalt (http://www.nationalpark-harz.de/)

Nationalparkplan 2011 (http://www.nationalpark-harz.de/de/downloads)
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Mining

First traces of mining were proved for the Bronze Age (about 3000 yrs BP), however industri-
al mining started not before the High Medieval. Especially silver, but also copper, zinc and tin
ores were exploited, especially at the Rammelsberg near Goslar where mining has been car-
ried out for about 1000 years more or less continuously (since around 968 until 1988). How-
ever, the oldest evidences for the use of ores from the Rammelsberg date back to the 3
century AD. Today it is open for visitors and since 1992 together with the old town of Goslar
and the royal pallace (Kaiserpfalz) a UNESCO world heritage site. The Kaiserhaus is the
greatest, oldest and best-preserved secular building of the 11th century in Germany. It was a
favourite imperial residence, especially for the Salian emperors.

In contrast to the mineral deposits of the Upper Harz, the ore deposits at the Rammelsberg
were caused by the escape of hot, metal-bearing, thermal springs on the sea floor in the
Devonian period. This formation is referred to as a sedimentary exhalative deposit. At the
bottom of the Devonian sea, two large lenses of ore were formed that were later caught up
in the folding of rocks during the Carboniferous period and so lie overturned at an angle in
the mountain. Especially silver played the major role and formed the base for the im-
portance of Goslar. Mining heavily dominated the economic life of the Harz as well as its
scenery since the 13th century.

Miners created the famous engineering system for the management of water in the Upper
Harz, the Upper Harz Water Regale still used today.This system of 107 historical ponds, 310
km of ditches and 31 km subterraneous water courses belongs to the UNESCO world herit-
age since 2010. Without using the considerable hydropower output, silver mining in the Harz
would never have been able to attain its major economic significance. It has been used for
many purposes: draining the mines, bringing down miner to depth of 600 m, to run stamp
mills...
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The year 968 saw the discovery of silver deposits near the town of Goslar, and mines be-
came established in the following centuries throughout the mountains. During the Middle
Ages, ore from this region was exported along trade routes to far-flung places, such as Mes-
opotamia. The seven Upper Harz mining towns - Clausthal (right of mining 1554), Zellerfeld
(1529), Bad Grund (1524), Sankt Andreasberg (1521), Lautenthal (1538), Altenau (1617) and
Wildemann (1529) - and around 30 other villages within and on the edge of the Harz owe
their existence to the Upper Harz mining and smelting industries. The wealth of the region
declined after these mines became exhausted in the early 19th century. The last mine in the
Upper Harz — the Wolkenhiigel Pit in Bad Lauterberg — closed its operations in June 2007 for
economic reasons. Having formerly had 1,000 workers, the mine employed just 14 people
towards the end, using the most modern technology to extract barite. With the closure of
this facility, mining operations that had begun in the Middle Ages and had continued since
the 16th century, extracting silver, lead and zinc, came to an end. Bearing witness to the
industry are cultural monuments as well as the negative consequences of mining for the en-
vironment such as e. g. pollution of the ecosystem with heavy metals.
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Vegetation

Nationalparkplan 2011 (nach Dierschke und Knoll 2002)

Von Drachenfels (1990) Naturraum Harz — Grundla-
gen fiir ein Biotopschutzprogramm
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Abb. 33: Vom Magdbett gehen vier Wasserscheiden aus, die die Einzugsgebiete von Oker, Radau, Ecker und Oder trennen.
Auf diesen Wasserscheiden liegen rund um das Magdbett dementsprechend vier Sattelmoore, némlich Fldrichshaier
Sattelmoor (11), Lerchenfeldmoor (33), Radauer Born (= GroBes Torfhausmoor; 15) und Magdbettmoor (14).

2 = alte Moorkerne (nach HENRION 1982)

Jensen 1990, Die Moore des Hochharzes — Spezieller Teil
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Abb. 5: Moortypen des Harzes
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B = soli-ombrogenes Hochmoor
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Jensen (1987) Die Moore des Hochharzes — Allgemeiner Teil
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The mires of the Harz Mountains are subject to palaeoecological studies since many dec-
ades. Especially Wendt and von Biilow (1927), Firbas, et al. (1939) and Hesmer (1928) estab-
lished a first general outline of the Holocene vegetation development.

On the age, development and growth of the mires worked Von Bilow (1932c), Firbas, et al.
(1939), Beug (1957) and Willutzki (1962). The most recent and comprehensive work is from
Beug, et al. (1999).

The vegetation was studied especially by Hueck (1928) and later Jensen (1961, 1987, 1990).
It has been recently updated by K. Baumann (2010).

Sonnenberger Moor

115 ha (105 ha with mire), 755-822 m a.s.l., annual preciptitation 1468 mm, mean annual
temperature 4.6 °C
Drainage: SW Rehbach, NO Hiihnerbriihe, W Sieber, all flowing to the Oder-Rhume-Leine

Sonnenberg

/ . » Br. Sonnenberg 40 .

] 500 m

Abb.12: Moore und Briicher zwischen den Einzugsgebieten von Oder und Sieber, namlich Sonnenberger Moor (2, mit
Moorteilen A, B, C, D), Drei-Horste-Bruch (2a) und Horstemoor (4) sowie Moore im Einzugsgebiet der Oder zwischen
Hiihnerbriihe und Rehbach, namlich Rotes Moor (5), Hinteres Rotes Moor (6) und Rehbachmoor (7). Wahrend die kleine-
ren Moore unterhalb der 740 m-Isohypse im Bereich des oberen Odertales liegen, sind Sonnenberger Moor und Drei-
Hérste-Bruch zwischen 740 und 840 m entstanden. Legende siehe Klappseite hinten.

Jensen (1990) Die Moore des Hochharzes — Spezieller Teil
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Vegetation map Sonnenberger Moor (Jensen 1990, Die Moore des Hochharzes — Spezieller Teil)
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Abb.12.3: Sonnenberger Moor. Lage der unter-
suchten Bohrpunkte. Verlauf der Biiche nach
Jensen (1961).

Gestrichelt: Grenzen der offenen Moorflichen.

Abb.12.6: Sonnenberger Moor.
Lage der Hangmoore und Moorkerne.

Erlduterungen im Text. Aus Beug (1997).

ire development (Beug et al. 1999)

m

’

Sonnenberger Moor
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Radauer Born = Grof3es Torfhausmoor

Vegetation map Radauer Born (Jensen 1990, Die Moore des Hochharzes — Spezieller Teil)
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Abb. 8.7. Radauer Born und Kleines Torfhausmoor, Lage und Form der einzelnen Hangmoore mit ihren Moorkernen.
Punktierte Flichen: Moorkerne. Punktierte Linien: Grenzen der offenen Moorflichen. Die Darstellung stellt die
Hangmoore 1-4 fiir die Pollenzone IV, das Hangmoor 5 fiir die Pollenzone VI dar. Aus Henrion (1982).

Mire nuclei (Younger Dryas), development of slope mires (Preboreal), according to Henrion 1982 in
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Abb. 8.3: Radauer Born und Kleines Torthausmoor. Lings- und Querprofil (10fach iiberhéht) mit Angaben zum Vermoorungsalter. Lage der Moorkerne
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Pollen diagram Radauer Born in Beug et al. 1999, after Henrion 1990, simplified

Summary (Beug et al. 1999)

Introduction. The region known as the Harz Mountains in North Central Germany is the
northernmost upland area in Central Europe. It may be divided into the western Upper Harz
and the eastern Lower Harz, which lie in the states of Lower Saxony and Saxony-Anhalt, re-
spectively. That part of the Upper Harz, which exceeds 700 m in altitude, is referred to as the
High Harz Mountains and consists mainly of a hilly plateau at an altitude between ea. 700
and 850 m a.s.l. It also includes some higher mountains such as Mt. Brocken (1141 m a.s.l,,
the highest peak), Acker-Bruchberg, Wurmberg and Rehberg. The bedrock consists mainly of
granite and quartzite and the High Harz Mountain area was completely glaciated during the
last glaciation (Weichselian). The High Harz Mountain region is at present dominated by
spruce forest and mires. More than 30 slope mires, which are surrounded by spruce carr at
altitudes between 700 and 1100 m a.s.l., cover an area of about 1600 ha. Of this area, 600 ha
are occupied by open vegetation and 1000 ha by spruce carr, respectively. The annual pre-
cipitation ranges between 1300 and 1600 mm with a maximum during winter and a second-
ary maximum during summer. The mean annual temperature is less than 5 °C with an aver-
age January mean temperature of less than -3 °C and July temperatures not higher than 13
°C.

Vegetation zones. Modern spruce forests dominate between 500 and 1100 m a.s.l. At lower
altitudes there is a beech (Fagus sylvatica) dominated zone and small patches of beech for-
est are found within the spruce forest of the High Harz Mountains. Today, beech does not
grow at altitudes above 900-950 m. The timberline of the Mt. Brocken summit, at 1090-1100
m a.s.l., consists exclusively of spruce (Picea abies). Above the timber line, subalpine mead-
ows are mainly dominated by the grass Calamagrostis villosa.
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Mires. All mires of the Harz Mountains are situated on slopes. They have up to 8-m-thick
peat layers and include ombrotrophic raised bogs, minerotrophic mires (fen) and forested
mires (carr). Raised bogs are surrounded by a fen belt that is influenced by ground or slope
water. Water table level in the raised bogs itself is maintained by the bog itself. The out-
ward-sloping margins are steep sided except on the uphill side and it is only rarely that the
steeply sloping marginal feature forms a complete circle. Up slope of a raised bog, there is
often an extensive fen that is fed by minerotrophic water running downslope into the mire.
The fen vegetation is classified according to the degree to which the irrigating minerogenic
waters affects species composition. The raised bog vegetation is classified into three units,
each consisting of a number of syntaxa at association or sub-association level. The units are
referred to as growth-complexes, stand-still-complexes and erosion-complexes. A growth-
complex, under optimal conditions, does not form hummocks and hollows but has a flat sur-
face. The surface of an erosion-complex is more uneven and is dominated by Scirpus cespi-
tosus and Calluna vulgaris. Compared with the lowland and upland mires south of the Harz
Mountains, the vegetation is species poor.

Archaeology and palaeoeconomy. Very little evidence for human activity during the Meso-
lithic, Neolithic and Bronze Age exists at higher altitudes in the Harz Mountains. The begin-
ning of traceable human influence on the vegetation dates back to (silver) mining activities
during the 10th century A.D. It is assumed, however, that mining started somewhat ealier i.e
at least in the 8th century A.D. To obtain charcoal for ore smelting and pit-wood gathering,
large quantities of timber were needed. Consequently, considerable areas of the Harz Moun-
tains were repeatedly deforested during periods when there was considerable mining activi-
ty. Identifying and dating of charcoal pieces from surviving charcoal heaps has revealed
much relating to the practice and history of the charcoal production and composition of the
ancient forests. From historical sources, we know that miners and their families were poor
and needed additional resources to make a living in the mining areas of the Harz Mountains.
They raised cattle that grazed in the forests and this contributed further to forest decline.
Near houses and settlements, meadows produced hay to feed the cattle in winter time. Ara-
ble farming was not practised in the High Harz Mountains and hence cereals had to be im-
ported from the Harz forelands. Peat cutting is known since the 16th century but most of the
peat bogs were not greatly affected.

History of vegetation. Palynological studies on mires elucidated the vegetation history of the
High Harz Mountains. The development of mires, located at altitudes between 700 and 1100
m a.s.l., started at the end of the Younger Dryas period (pollen zone Il after Firbas). There is
no evidence of an Allerod-type interstadial and the uppermost part only of the Late Glacial
has been recorded. During the Younger Dryas, the timberline was below 150 m a.s.l. and the
High Harz Mountain area lay far above the timberline in the nival zone where conditions
were unfavourable for peat formation. Any peat that may have been formed during the Al-
lerdd period was probably destroyed by solifluction processes during the Younger Dry as, at
the end of which the Harz Mountains were covered by alpine or tundra-like vegetation
types. Birch (Betula) forest, which formed a small belt, developed at the beginning of the
Holocene and was followed by pine (Pinus sylvestris). The birch and pine forest zone migrat-
ed to higher altitudes.

During the Preboreal (zone 1V), forests reached the highest peaks and, at the close of the
Preboreal period (ea. 8500 cal. B.C.), pine forest with scattered birches covered the top of
Mt. Brocken. Most alpine and tundra elements disappeared except for Betula nana and Sela-
ginella selaginoides which found favourable habitats in peat bogs or open wind-exposed
places. The present day vegetation in the subalpine zone at Mt. Brocken is, therefore, not
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traceable back to the Late Glacial period although some of the Late Glacial species were able
to survive.

The Boreal period (zone V) which lasted from ca. 8500 to 6600 cal. B.C,, is first of all charac-
terised by the spread unto the area and rapid expansion of the hazel (Corylus avellana). The
maximum Corylus percentage values vary from ea. 200% of arboreal pollen at 800 m a.s.l. to
660% of AP at 1050 m a.s.l. on the summit of Mt. Brocken. The Boreal period is furthermore
characterised by the spread of the species that subsequently constituted the mixed oak for-
ests. Macrofossil evidence does not exist but it can be assumed that after 8000 cal. B.C., elm
(Ulmus) especially dominated in the high altitudinal forest. It is postulated that the forests
above 1000 m a.s.l.,, were mainly composed of Ulmus glabra and Corylus avellana while Pi-
nus sylvestris and Betula were successively displaced.

Trees of the mixed oak forests, and especially Ulmus glabra, Quercus, Tilia cordata and Frax-
inus excelsior dominated during the Atlantic period (pollen zones VI and VII), e.g. from about
6600 to 4100 cal. B.C. At about 4800 cal. B.C. (beginning of pollen zone VII), spruce (Picea
abies) spread into the High Harz Mountains and co-existed with the deciduous trees of the
mixed oak forests and may have dominated on special habitats, e.g. on wet soil or rocky
ground. It is noteworthy that on Mt. Brocken, i.e. above 1000 m a.s.l., Picea pollen is lower
than those at lower elevations. One may therefore conclude that spruce did not form a sub-
alpine belt as was the case in other Central European upland areas. Forests, consisting main-
ly of elm and hazel and possibly with some spruce, persisted through the Atlantic period at
Mt. Brocken.

Vegetation development during the Subboreal (zones Vllla and VllIb), which lasted from ca.
4800 to 800 cal. B.C,, is characterised by the spread and expansion of beech (Fagus sylvati-
ca). Large-scale expansion of beech started at ca. 1700 cal. B.C., so that during the following
900 years, a complete change from elm, oak and lime-dominated forest to forests with
beech as dominant occurred at low and high altitudes of the Harz Mountains and the fore-
lands. One may assume that beech forest at the summit of Mt. Brocken consisted mostly of
small and severely wind-affected specimens similar to the situation that can nowadays be
observed at high altitudes of the Vosges Mountains. Remarkably, spruce continued being a
relatively rare tree within the subalpine forest belt of the Harz Mountains.

The period of dominating beech forests started with the early Subatlantic period (zone IX)
which lasted from 800 cal. B.C. to AD 900. It can be assumed that human impact, i.e that
traceable by pollen analysis, on the vegetation of the High Harz Mountains did not yet exist.
Small guantities of pollen types of anthropogenic pollen indicators may be explained with
long-distance transport from the forelands.

All pollen spectra relating to younger Subatlantic (zone X) contain considerable quantities of
cereal and other anthropogenic indicator pollen. It is known, however, that cereals are not
grown in the High Harz Mountains and so it is concluded that part of the total pollen rain
derives from low altitudes and from the forelands. Characteristic oscillations in the curves of
beech and spruce are explained by tree cutting for the mining industries. Zone X is divided
into subzones Xa and Xb in which beech and spruce dominated, respectively. The beginning
of the present-day dominance by spruce dates back to the 15th century A.D. That important
change also took place at higher altitudes and is most probably attributable to human activi-
ty. During the mining periods, from at least Middle Ages onwards, the Harz Mountains have
been repeatedly deforested. In addition, a climate deterioration that was initiated at the
onset of the Little Ice Age, may have further favoured the widespread expansion of spruce.
Finally, forest management starting in the 18th century, resulted in spruce plantations.
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In all, twelve pollen diagrams, many of which have not been previously published, are pre-
sented, as well as the results of pollen rain studies carried out on the summit of Mt. Brocken.

History of mire development. All mires have been directly developed on the minerogenous
subsoil and no mires are derived from lakes by terrestrialization. Rather than using the well
known terminology for categorizing the different mire types, we use terminology that relies
not on the influence of nutrients or present-day mire morphology but rather the subsoil sit-
uation on which mires developed, i.e. simple slope, saddle, ridge and summit mires. Simple
slope mires are mostly situated along small streams. Saddle-mires occupy saddle positions
(depressions) in watersheds and ridge-mires cover extended parts of watersheds. Simple
slope mires and saddle mires are the most frequent mire types in the Harz Mountains, ridge
and summit-mires are rare and plateau mires are not present.

The process of paludification has been documented by study of horizontal growth of 36
mires. In most instances, coring of the basal part of the peat layer, including the transition to
the minerogenous subsurface, was carried out within a 50 x 50 m grid. In addition, the mire
surface was surveyed. From the lowermost part of the peat layer at each coring point, a pol-
len spectrum gave information about the age of the beginning of peat formation by correlat-
ing it with the well known and reliably established chronology of the regional vegetation
development. By this method, maps of the mire development, of surface and subsurface
isolines and of the peat thickness have been produced.

Mires started their development from small areas, i.e. mire nuclei, where sufficient water
was available for peat-producing plants to become established. Mire nuclei were formed
near small streams or on slopes where the soils were permanently wet. Small mires have
only one or a few mire nuclei, while in large mires as many as 40 to 50 mire nuclei have been
found. A high percentage of mire nuclei has been dated to the end of the Younger Dryas or
to the early Holocene. However, mire nucleus formation continued through the successive
millennia and came to an end during the late Subboreal period (zone VIlIb). Mire nucleus
formation is not known any more from the Subatlantic period. The long period of mire nu-
cleus formation should not be attributed to a continuous increase in precipitation. Rather it
is proposed that fine soil components continued to move downslope over a long period, so
that this continuous accumulation of fine soil material gave rise to permanently wet soils
and hence to the formation of further mire nuclei.

During the early Subboreal period (pollen zone VIlila), the youngest mires started their
growth. The rate of horizontal growth of most mires declined during the late Subboreal
(zone VllIb) when they were already close to their present-day form. Bog growth appears to
be limited by topographical factors.

With further development, mire nuclei normally increase in area and form small, simple
slope-mires. Adjacent small mires of such an origin coalesce and form larger units (integra-
tion processes). Saddle mires start their growth in most cases from mire nuclei situated on
the slopes at either side below the watershed. First they act as slope-mires and during their
successive growth they climb up the slopes towards the watershed where they coalesce so
that the paludification of the uppermost part of the saddle is the last step in saddle mire
development. A similar way of development has been observed in case of the ridge-mires.

Control mechanisms for mire growth. On the basis of available information, paludification
appears to have been initiated by the climate change from a cold and dry to a warm and wet
climate at the Late Glacial/Holocene transition. It has been demonstrated by the rates of
horizontal and vertical mire growth that, throughout the whole of the Holocene, the climate
was favourable for mire growth and dry periods were not a limiting factor. At the other
hand, a few periods with accelerated mire growth rates were noted and these are attributed
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to increased habitat wetness caused by a decrease in temperature. These periods with ac-
celerated growth occurred in the late Atlantic period (zone VII) and the late Subboreal (zone
VIlIb) (both instances, for a comparatively short period) and also in second part of the early
Subatlantic period (zone IXb). To a certain extent, it is possible to correlate those events with
cold periods as recorded by glacier advances in the Alps. In addition to the control mecha-
nisms already discussed, the influence of topographical features is essential. Slope inclina-
tion, irregularities in the subsurface and distance between mire nuclei had profound effects
on the process of paludification in a particular area. On the other hand, deforestation did
not accelerate paludification.
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Pollen diagram Bruchbergmoor, after Bartens 1990 in Beug et al. 1999, simplified
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Paldaon Center and Palaeolithic excavation
in the opencast mine Schoningen

http://www.palaeon.de/home.html
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H. Thieme (2007) Die Schoninger Speere — Mensch und Jagd vor 400 000 Jahren

D. Mania in Thieme (2007)

Schoningen spears made of Picea and Pinus (length 1,80 — 2,50 m)
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Bittmann F. (2012) Die Schoninger Pollendiagramme und ihre Stellung im mitteleuropai-
schen Mittelpleistozan. In: Behre K.-E. (Ed.) Die chronologische Einordnung der paldolithi-
schen Fundstellen von Schoningen - The chronological setting of the Palaeolithic sites of
Schoningen. Forschungen zur Urgeschichte aus dem Tagebau von Schéningen 1: 97-112
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The Schéningen pollen diagrams and their position within the central European Middle Pleistocene

During the past 20 years pollenanalytical studies were conducted on several profiles available during different stages
of the ongoing lignite exploitation within the open cast quarry of Schoningen. Interglacial sediments between
moraines of the Elsterian and the Saalian glaciation were in focus because palaealithic finds became known among
them wooden spears, known as the oldest ones worldwide. Three fragments of interglacials were identified in this part,
the new interglacial type Reinsdorf bearing the spears was positioned between the Holsteinian and the Schoningen
(Wacken/Domnitz) interglacials. A supraregional comparison of the pollen sequences suggests that the Reinscorf Inter-
glacial is anly a local specification of the Holsteinian and that the spears are of Holsteinian age. New datings of this
interglacial sediments gave an age of about 295 000 vears and correlate this with the marine isotope stage 9. There-
fore the wooden spears are about 100000 years younger than thought before.
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Memorial of the inner German border at Hotensleben

52



53



Tuesday, 09.09.2014
Liineburg Heath and Lake Eversen

Lineburg Heath (L. Kulenkampff, D. Mertens, K. E. Behre)
Human impact and environmental change at Lake Eversen (D. Enters, S. Wolters, K. Blume)
Accomodation at Priisers Gasthof, Hellwege
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Some facts on the Liineburg Heath

The Liineburg Heath (German: Liineburger Heide; also Lunenburg Heath in English) is a large
area of heath, geest and woodland in the northeastern part of the state of Lower Saxony in
northern Germany. It forms part of the hinterland for the cities of Hamburg, Hanover, and
Bremen and is named after the town of Lineburg. Most of the area is a nature reserve.
Northern Low Saxon is still widely spoken in the region.

The Lineburg Heath has extensive areas of heathland, typical of those that covered most of
the North German countryside until about 1800, but which have almost completely
disappeared in other areas. The heaths were formed after the Neolithic period by
overgrazing of the once widespread forests on the poor sandy soils of the geest, as this
slightly hilly and sandy terrain in northern Europe is called. The Liineburg Heath is therefore
a historic cultural landscape. The remaining areas of heath are kept clear mainly through
grazing, especially by a North German breed of moorland sheep called the Heidschnucke.
Due to its unique landscape, the Lineburg Heath is a popular tourist destination in North
Germany.

The Lineburg Heath lies in a temperate maritime climatic region moderated by the Atlantic,
with mild winters, cool summers and precipation all-year round. It situated between the
rivers Elbe to the north, the Aller to the south and southwest, the middle course of the
Wimme to the west and the Harburg Hills (Harburger Bergen) to the northwest. The highest
elevation on the Lineburg Heath is the Wilseder Berg (169.2 m asl).

The immediate subsurface layers on the Liineburg Heath are almost exclusively made up of
deposits from the quaternary ice age. The landscape consists of flat plains of ground
moraines, ridges of hilly terminal moraines and also of sandur. During the Saalian Stage
(230,000—-130,000 years ago) the area of the present-day Liineburg Heath was covered three
times by a continental ice sheet. In the last glacial period (110,000-10,000 years ago) the ice
sheet no longer covered the Liineburg Heath area; it reached only as far as the River Elbe.
Due to the lack of vegetation, the much more rugged terrain at that time was heavily eroded
by water, wind and by soil fluction; this resulted in valleys like the Totengrund.

In the northwestern part of the Lineburg Heath is the Liineburg Heath Nature Park which
covers an area of 1,130 km?. At its heart, around the Wilseder Berg, is the Liineburg Heath
Nature Reserve founded as long ago as 1921 with 234 km? of land which is roughly 58%
woods and 20% heathland.

The region is mostly covered by a heathland landscape consisting of big heather and juniper
areas, forests and some smaller swamps. In contrast to the areas in the north of the
Liineburg Heath, the landscape is very hilly, as it is placed on a terminal moraine.

Vegetation types
Ordinary sand heath (Genisto-Callunetum)

In addition to the Common Heather (Calluna vulgaris) only a few taller plants occur here,
none of which can be classed as characteristic species. Amongst them are the Wavy Hair-
grass (Deschampsia flexuosa) and Common juniper (Juniperus communis). Ordinary sand
heath is the most widespread of the heathland types. Its proportion has increased in recent
decades at the expense of other heath habitats. This reduction in the variety of heathland
types may be due to increasing nitrogen levels from the air, the increase in plant litter
(Rohhumusauflagen) and the natural ageing of the heathland.
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Lichen-rich sand heath (Genisto-Callunetum cladonietosum)

The lichen-rich sand heaths can be told apart from the other types of heathland by the
presence of various cup lichens (Cladonia sp.), Ciliated fringewort (Ptilidium ciliare) and
Juniper Haircap (Polytrichum juniperinum). They occur frequently on dry, south-facing
slopes. This type of heath is found west of Niederhaverbeck and near Sundermiihlen.

Clay heath (Genisto-callunetum danthonietusum)

This can be identified by the presence of Heath Grass (Danthonia decumbens), Pill Sedge
(Carex pilulifera), Mat grass (Nardus stricta), Fine-leaved Sheep's-fescue (Festuca filiformis),
Mouse-ear Hawkweed (Hieracium pilosella) and Field Wood-rush (Luzula campestris). Clay
heaths have become very rare within the Lineburg Heath. They are found on the Wilseder
Berg and south of Niederhaverbeck.

Blueberry sand heath (Genisto-Callunetum, Vaccinium myrtillus type)

Blueberries (Vaccinium muyrtillus) are the signature species of this type of heath and, more
rarely, cranberries (Vaccinium vitis-idaea). Blueberry heath is the second most common type
of vegetation on the heathlands and occurs especially on northern slopes, the edges of
woods and thick juniper hedges. This type of heath is particularly characteristic of the
northern slopes of the Wilseder Berg, as well as the Steingrund and Totengrund. In those
places cranberries have even ousted the common heather (Calluna vulgaris) in places.

Wet sand heath (Genisto-Callunetum, Molinia-type)

Wet sand heath is the ideal habitat for Purple Moor Grass (Molinia caerulea), Cross-leaved
Heath (Erica tetralix) und Scirpus (Scirpus cespitosus). It occurs in places close to the water
table and in the transition zone around bogs. Its primary locations are areas north of Wilsede
and near the Horpel Ponds.

Woods

The greater part (about 58%) of the Lineburg Heath Nature Reserve consists of woods,
primarily pine forests, which were planted in the second half of the 19th century on former
heathland and drifting sand. In some cases the dunes simply became naturally overgrown,
again with pines. There are only a very few old stands of sessile oaks, which stem from the
logging industry during the time of the Kingdom of Hanover. In many parts of the nature
reserve there are so-called Stiihbiische (a form of coppice), trees that were coppiced by
repeatedly being cut short. In the meantime they have grown wild again and have a
characteristic and unusual appearance with their multiple trunks. Near Wilsede there is the
remnant of a Hutewald - a wood pasture with giant, multi-stemmed beech trees.

Bogs

The largest bog on the Liineburg Heath is the Pietzmoor, which lies east of Schneverdingen.
It was drained however and peat was cut there until the 1960s. The Nature Park Association
carried out work in the 1980s to try and turn it back to its natural waterlogged state. For
example, some of the drainage ditches were filled which led to a considerable rise in the
water levels of the former peat cuts. However typical bog vegetation has not yet re-
established itself. Also of importance are other smaller bogs in sinkholes, like the Grundloses
Moor near Walsrode or the Bullenkuhle near Bokel.
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Bronze Age tumulus built with heath sods indicate early heathland

Heathland areas in NW Germany and Denmark at their maximum extent around 1780
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The Middle Ages and the formation of heaths

The settlement phases of the Roman period and, in many . parts of the region, those of the
Migration period also are followed by a severe decline in population. Particularly in the
immediate hinterland of the North Sea coast as in the area of the Siedlungskammer Flogeln,
a distinct interruption of settlement can be shown. For about two hundred years, starting in
the early 6th century and continuing until the late 7th century, there are no traces of
settlements; further to the south a considerable decrease in population can be shown in
pollen diagrams and also from archaeological sources. In some parts, however, and
especially to the south of Bremen, areas with continuous settlements or at least burial
grounds, e. g. Liebenau/Weser, still existed. Because of the scarcity of archaeological finds,
as well as of written sources, these two centuries are called the “Dark Ages”.

During this time of little or no settlement, a full reforestation took place in large parts of the
region. Mainly by the pollen analytical investigation of kettle-hole bogs, which give a high
spatial resolution of the landscape history, the sequence of colonization by shrubs and trees
during reforestation can be demonstrated. In some cases it starts — as in the Late Glacial —
with high values of Betula and Corylus in the pollen diagram, followed by peaks of Quercus
and a considerable increase of Fagus and Carpinus.

In most parts of the coastal area the next occupation phase started in the 8th century, i. e. in
the Early Middle Ages. In Central Europe this period, by definition, ends at AD 1000 and thus
roughly corresponds to the Viking Age of Northern Europe. As can be demonstrated by many
place names ending with -holt, -loh or -horst, the Geest was — in many parts until the high
Middle Ages — covered by woodland, which the colonists had to clear; this is shown in the
pollen diagrams.

Due to the rapid rise in population, the rate of woodland exploitation increased as well.
Additional demand for timber and firewood came from the towns, which were established
at this time, and also from the coastal area, and particularly the treeless Clay district which
at that time was also densely populated.

As in other parts of Europe, the forests served as pasture for cows and cattle and also for
poultry. Planned management of the grazed forests (=Hudewald) started in the Middle Ages
and led to a special form of open forest with selected species only, mainly Quercus, being
protected. One of the last remnants of this forest type is represented by the Neuenburger
Urwald, south of Wilhelmshaven; many others were documented by painters particularly
during the Romantic period.

The permanent exploitation of the forests mostly as pasture and for wood, but also by
removing leaves for fodder and litter and using the organic soil material as fertilizer, resulted
in the degradation of the soils. On the poor sandy soils the continuous grazing soon led to
the formation of heath areas. The strong expansion of these heaths in the Middle Ages and
into Modern times was not, however, the result of grazing, but rather was caused by the
demand for plaggen (=heath sods) as fertilizer for the arable fields. Starting in the 10th
century, a fundamental change took place in arable farming practice on the Geest within the
coastal region. This was triggered by the introduction of large scale rye cultivation within
permanent fields. The requirement for adequate fertilization of the fields was met with by
the use of plaggen (Behre 1976a, 1980). Large quantities of plaggen were needed to fulfil the
nutrient requirements of fields permanently under rye. In the course of the-centuries, the
areas representing the permanent fields, called “Esch”, were raised by the gradual
accumulation of humic soil, someties by more than one metre.
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Cross section of an Esch (accumulated plaggen soil)

Investigations in Dunum/East Frisia have provided evidence for a detailed reconstruction of
this particular farming practice. The main crops on the Esch fields were of course rye (about
70%), together with Avena sativa and A. strigosa. Hordeum vulgare and Linum usitatissimum
were also cultivated as has been demonstrated by carbonized plant remains from several
East Frisian churches (Kucan 1979, Behre 1986a).

The permanent exploitatien of the heath areas, where the plaggen were cut as soon as the
Calluna vegetation had regenerated, led to a strong degradation of the soil. Plaggen cutting
involved skinning the heaths every ten to twenty years.

Scheme of the plaggen economy, showing, how heath plaggen have been dug,
prepared and used as manure
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This had the undesired side-effect of exposing large bare tracts to the wind which
transported the sand, with the result that large coversand areas and even dunes were
formed. Many written sources describe the problems when drifting sand spread across the
fields or blocked roads and, in some instances, threatened villages and towns (Pyritz 1972);
some areas even took on a steppe like character. Due to this overexploitation by sod cutting
and grazing, the regeneration phase was extended while the constant demand for plaggen
continuously resulted in extensive expansion of heathlands during the course of the Middle
Ages and also in later periods. According to written sources, the area required for plaggen
cutting was 20 to 40 times the size of the fields. These practices finally resulted in almost the
entire Geest of northern Niedersachsen being covered with heath, treeless to the horizon,
and with the villages and their associated fields on the plaggenesch looking like isolated
islands. This appearance of the landscape was impressively encapsulated by the first general
maps from the second half of the 18th century.

During the 19th century these vast heaths were transformed to quite another landscape
with the introduction of artificial chemical fertilizers. There was no longer demand for
plaggen. The heaths, which had been common land, were parcelled out to individual owners
and were mainly turned into fields or were forested. The parcel boundaries had to be
marked by earth ridges with hedges on top. This cultural landscape with fields and meadows
surrounded by hedges is still characteristic of large parts of East Frisia today.

A typical Calluna podzol below grassland indicates former heathland

A few parcels of the former heathland have survived-cultivation and are today protected and
managed as nature reserve as parts of the Liineburg heath. The management, however, is
restricted to sheep grazing and plaggen cutting no longer takes place. As a result these
Calluna heaths, complete with fine juniper shrubs, look like gardens. They should be called
tourist heaths, as they look quite different from the former open steppe-like heath areas
which resulted from the plaggen economy. Many exposures in the area still show the typical
soil profile of a Calluna podzol, now below a meadow, a forest or some other type of
managed system, and bear witness to the vast heath areas of former times.
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Characteristic podzol profile below Calluna heathland
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Farmer cutting plaggen in the heathland around 1920

Sheep grazing in completely degraded heathland southwest of Oldenburg 1935
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Mires in the Liineburg Heath
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moor / Liineburger Heide

Pietaz:
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13.220 ha forested area, situated in the “Ost-Heide” and “Hohe Heide” in the SE Lower

Saxony lowland

Annual wood growth: 93.000 m>

Annual wood harvest: 75.000 m?

Annual increment of growth: 18.000 m?

Eastern Heath High Heath

Mean annual precipitation 630 mm 730 mm
Mean prec. during growing 290 mm 330 mm

season (May - September)
Mean relative humidity 80% 81%
Mean annual temperature 8.0°C 8.0°C
Mean range of ann. temp. 17.3°C 16.7 °C
Days with frost 90 100
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Vegetation and soils of the “Totengrund” area
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Multi-proxy evidence of environmental changes
related to human land-use
from lacustrine sediments of Eversener See

Human land-use has considerably shaped the landscape of northwestern Germany over the
past millennia. Deforestation and agriculture created a predominantly open scenery
preserved until today with only a few remnants of former landscape elements such as
woodlands, peat bogs or heath lands. Lake sediments serve as unique natural archives to
reconstruct the extent and timing of prehistoric human impact on the terrestrial
environment and lacustrine ecosystems as well as to trace the history of particular landscape
elements.

Here we apply a multi-proxy approach to investigate changes in the catchment area of
Eversener See using geochemical parameter (element concentrations and stable isotopes)
and biological proxies (pollen, diatoms and chironomids). In the vicinity of the lake more
than 100 archaeological findings document the prehistoric land occupation since the
Neolithic. Sedimentation in the lake basin started during the Late Glacial and thus also allows
to document the pre-anthropogenic status of the lake system. The records of K and Ti exhibit
distinct peaks starting in Neolithic times. The elevated concentrations of these terrigenic
elements are interpreted as result of increased soil erosion caused by logging activities,
probably related to a Neolithic shoreline settlement recorded by archaeological artifacts.
This also correlates with a higher abundance of settlement indicators in the pollen spectra
which coincide with an increased settlement activity during the late Neolithic and Bronze
Age. However, the lake seems to be initially insensitive to this catchment disturbance as
apparent eutrophication starts not before the Iron Age when human disturbance already
seems to decrease. Our data complement the regional archaeological record and will allow —
in combination with other paleolimnological sites — to establish a regional pattern of human
induced landscape changes and settlement history along a N-S transect from the German
North Sea coast to inland areas.

Topographical map of the Eversen area
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Catchment: c. 25 ha

Lake surface: <1 ha

Water depth: max. 7,8 m

Diameter: max. 130 m

Catchment: Pleistocene sands,
dunes, peat

Archaeology: flint blade Neol.-BA

Aerial image of Lake Eversen

Archaeological records around Lake Eversen
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Bathymetry (Merkt 1985)
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High resolution diatom diagram
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Depth Sample Median Remarks

cm code

90 Zn peak 45

209-210 Poz-55339 855 700 yrs. too old
218-220 Poz-43876 1105 930 yrs. too old
323-324 Poz-40420 1300 840 yrs. too old
338-340 Poz-43877 1755 1200 yrs. too old
383-384 Poz-55340 1160 360 yrs. too old
399-400 Poz-50020 1815 900 yrs. too old
404-408 Poz-43878 1465 500 yrs. too old
405 Centaurea cyanus rise 950

456-457 Poz-40422 1420

471-473 Poz-49468 1590

515-516 Poz-40153 2205

567-568 Poz-43879 3265

609,5-610,5 Poz-49469 3905

633,5-634,5 Poz-43880 4615

680,5-681,5 Poz-40155 5580

742,5-743,5 Poz-40156 6880

766,5-767.5 Poz-43882 7670

817-818 Poz-43883 9085

835-836 Poz-40157 9550

855-856 Saksunarvatn-Tephra 10297 Davies et al. (2012)
878-879 Poz-43884 10750 08mgcC
902-903 Poz-40423 11235

926-927 Poz-55337 11595

968-969 Poz-40424 12090 0,15mgC
968-969 Poz-54508 012mgcC
991-994 Poz-55338 12600

1007-1009 Poz-50021 12895

1066,5-1067,5 Poz-54506 13260 02mgcC
1075,5 Paly. trans. OD / BO 13325
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Wednesday, 10.09.2014
Elbe-Weser-Triangle

Palaeotopography and vegetation history at Sievern (I. Brandt, F. Bittmann)
Neolithic settlement and land-use history (A. Kramer, M. Mennenga)

The effects of prehistoric land-use on lake systems (K. Blume, S. Wolters)
Accomodation at Naturfreundehaus Wollingster See
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Topographic map of the Sievern area
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Palaeotopography and vegetation history at Sievern

The Pipinsburg, Heidenschanze, Heidenstadt

Historical map — after M. Mushard. Palaeogentilismus Bremensis (about 1750)
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Langenacker / Priele / Geomagnetik

Geomagnetic measurement Langenacker and coring transect

Profile transect Langenacker
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Sievern, Gudendorf and Spieka Knill: Monumental places in the top of Elbe-
Weser-triangle and its significance for the Saxon migration

Almost 25 years ago Torsten Capelle argued on the base of the ornamentation of ceramics
for close connections between the coastal area of the German Elbe-Weser triangle and
Britain. In his eyes this similarities had to be considered not only as evidence of migrating
handcrafts traditions from the continent to Britain but also as a prove for the continuous
work of a potter from the Elbe-Weser-triangle in his new home in Norfolk. The
abandonment of almost all settlements and graveyards in the Northwest-German plain and
the palynological evidence of an expansive reforestation during the 6th and 7th century still
today support this theory in general, although recent research has proved that there has not
been a complete hiatus but an enormous decrease in population. Also the area around
Sievern, supraregionally well known for four gold-hoards deposited in the time around 500
AD and the adjacent marshy area “Land Wursten”, with the famous dwelling mounds
Feddersen Wierde and Fallward suffered at least an enormous decrease of population in the
migration period, although there are hints for a continuous settling on the geest ridge until
the early medieval period.

In the last decade new interdisciplinary investigations were done in the area of Sievern and
the neighboring areas intending to gather information about the development of settling
and landscape during the 1st millennium AD. They comprised geophysical surveys,
pedological investigations, trail trenches and excavations on a couple of sites. They prove
that the well-known enclosure of Sievern Heidenstadt was constructed during the 4th and
5th century AD. The comparably weak construction of the embankment leads to the
conclusion that it functioned rather as a meeting place than as a hill-fort and that it may
have played an important role during the sacrifice ceremonies resulting in the deposition of
the gold hoards with 11 gold-bracteats from Sievern. Further enclosures presumably dating
also to the Roman Iron Age and Migration period have been detected at Gudendorf near
Cuxhaven and probably also at Spieka-Knill positioned in the vicinity of the find-spot of
another gold-bracteat. The recent state of the art underlines that the north-western part of
the top of the Elbe-Weser-triangle played an important role in the social organization of the
Saxons, before, during and after their migration to Britain. It is the starting point for a new
project (2013-2015) aiming to reconstruct the social and economic organization of the Saxon
society in the phase of the Saxon migration.
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Pferdeweide

Simplified soil map of the investigated area

Interpolation vs. measurements of phosphates
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Vertical displacement of phosphates in soils
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Neolithic settlement and land-use history
in northwestern Germany

Northwest Lower Saxony was settled by people belonging to the west group of the Funnel
Beaker (TRB) and the succeeding Single Grave Culture (SGC) during the 4th and the second
half of the 3rd millennium before Christ (BC). Numerous megalithic tombs and grave
mounds, as well as finds of settlements and hoards document the presence of theses
cultures in the area. Therefore, the region provides an ideally suited environment for
investigations into relationships between different find spot ensembles and about the
nature and extent of human influence on the surrounding landscapes. A multidisciplinary
study involves archaeological excavations and palynological investigations to shed further
light on the Neolithic revolution in northwest Germany (Kramer et al., 2012; Kramer et al.,
2014). The on-going project is realised within the Priority Program 1400: “Early
Monumentality and Social Differentiation”, funded by the German Research Foundation.

—

Wilpelmshaven, -

Bremen
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Overview working area with distribution of megalithic tombs and yet known settlements

In the area between the rivers Elbe and Ems, almost 17,000 megalithic graves are known
while probably much more have been already destroyed. The spatial distribution of these
tombs provides an idea of how well populated the area was during the middle and young
Neolithic which demonstrates a very poor state of research for the known settlements. Up
to now, only six settlements with building structures have been documented. Therefore,
particular attention is given to the investigation into settlements and settlement structures.
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The known settlements are often spatial connected to flat graves and megalithic tombs
which is typical for the TRB west group but, uncommon for other TRB regional groups. In
three cases, Flogeln (Zimmermann, 2000), Visbek (Mennenga et al., 2013) and Pennigbdttel
(Assendorp, 2000), flat graves were also found inside the houses. In the west group, most of
the known houses were constructed with wall foundation trenches, which provided the
opportunity to better understand the internal structures of the buildings. Only some houses
from the settlements in Flogeln and Lavenstedt show different construction types. In
Flogeln, additional to two wall foundation trench houses, a pit house, postulated as a “cult-
house”, was found in 1985 (Zimmermann, 1995). In Lavenstedt (Mennenga, in press)
important and interesting contributions for the TRB research in this area were revealed
during recent years. The documented house construction includes traditions from the TRB
west as well as from the north group which possibly point to some kind of social exchange
between these groups. Results from Lavenstedt further provide new information about the
absolute dating of the TRB which have been determined so far to 3400 cal BC (Brindley,
1986). The botanical macro remains which were sift out of the posts and a well fillings, were
radiocarbon dated and indicate an earlier establishment, as it was previously known, of the
TRB in the area. Thereby, it is possible to close a time gap to the neighbouring regional
groups and to see over-regional developments as nearly parallel processes.

Apart from the investigated settlement structures in Flogeln, most of the information about
the vegetation and settlement history during the Neolithic was gained by detailed
palynological investigations on twelve peat profiles from the geest island Flogeln (Behre and
Kucan, 1994). The results suggested a first moderate human influence on the vegetation on
start with the elm decline that was later more pronounced and went together with
significant increases of settlement indicator pollen types. It was also possible to identify
areas with high and low settlement activities by means of the data (ibid).

Based on these information, current palynological research on the geest island Flégeln
focuses on the establishment of an improved age-depth model for the vegetation
development reconstructed by Behre and Kudan (1994) to better distinguish between
different stages of Neolithic landscape changes. Up to now, the peat profile from the kettle-
hole bog “Swienskuhle” is the most significant profile from Flégeln as Neolithic vegetation
and land use history are best visible here. A parallel profile from the “Swienskuhle” was
recovered to avoid problems that might arise when dating material from longer-term stor-
age (Wohlfahrt et al., 1998). The pollen events discovered in the original profile, such as the
elm and lime declines, a strong increase in anthropogenic indicators, the following spread of
heather, and the subsequent generation period (cf. Behre and Kucan 1994) have been
connected to the new profile. However, new dating results revealed a different age regime
for the Swienskuhle, which point to high vegetation heterogeneity in the area and to distinct
differences between local and regional vegetation changes in response to human induced
disturbances . (Kramer et al., in prep).

Theories about the abandonment of the settlement areas in the Elbe-Weser triangle include
the idea that the Neolithic settlers (TRB and SGC) probably had to face a progressive
reduction in their habitation area (Behre 2005). The reduction bases on rising sea level of the
North Sea (Behre, 2007; Bungestock and Schéafer, 2009) which led to the expansion of
peatlands. Manifestations of this development had been seen in the presence of several
megalithic tombs that have been rediscovered beneath a bog layer during recultivation
measures. Recent investigations on the basal peat layers of five bog-overgrown megalithic
tombs gave no direct indication for this phenomenon because the tombs were probably not
covered by bogs before the 1st millennium BC (Kramer et al., 2012, p 325).
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TRB house floor plans from NW Germany
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Site map of Flégeln area with Neolithic settlement sites and graves

Examples of megalithic tombs over grown by bog in Elbe-Weser Triangle (photos: D. Nosler)
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Site map of Fl6geln area with investigated pollen profiles from Behre and Kucan (1994, p. 166)
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The effects of prehistoric land-use on lake systems
and their catchment areas in north-western Germany

Here we apply a multi-proxy approach on four Northwest German lakes. The origin of these
morphologically similar lakes are most likely related to subrosion processes. They are
situated in a rather uniform macro-landscape but differ in their ecological setting and their
specific settlement history. We use sedimentological and geochemical parameters (e. g.
element concentrations and stable isotopes) as well as biological proxies (pollen, macro
fossils and diatoms) to investigate environmental changes in the lake systems and their
catchment areas. We specially focus on anthropogenically induced changes of the water
quality, e. g. eutrophication and acidification as well as natural regeneration during phases
of weaker impact of land use. Archaeological surveys in the vicinity of the lakes provide a
detailed record on the prehistory of the landscapes investigated. Sedimentation in the lake
basins started during the Late Glacial and early Postglacial and thus also allows documenting
the pre-anthropogenic status of the lake systems.

The lake sediments reflect prehistoric land-use in north-western Germany back to Neolithic
times in a rather diverse pattern. The geochemical evidence of human impact is only
discernible in one lake, where records of terrigenic elements K and Ti exhibit distinct peaks
as result of increased soil erosion caused by logging activities. We explain this exclusive
record with the specific topography of that lake. The most prominent palynological feature is
the proof of Medieval hemp retting in two lakes (Cannabis-type >30% TTP), whereas the
widespread contemporaneous rye cultivation is reflected in all lakes only by relatively low
values. Land-use had a long lasting effect on the lakes’ trophic states not until Medieval
times. Until then the lakes seem to have been insensitive to catchment disturbances or
reacted only with short term changes in their trophic states.

Our efforts to construct robust age-depth relationships based on AMS 14C-dates of
terrestrial plant macrofossils reveal a specific dating issue of Northwest German lakes.
Especially in younger sediments we observe 14C-dates which are on the one hand too old
and on the other hand among themselves roughly contemporaneous. We explain this
feature with extensive bog growth since Neolithic times which eventually reached the lake
shores. Successive erosion of the bog margins caused the observed contamination of
lacustrine sediments with older material.
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Wollingster See

Topographic map of the area around Wollingster See und Silbersee

Catchment: c. 40 ha

Lake surface: 4 ha

Water depth: max. 14,5 m

Diameter: max. 290 m

Catchment: Pleistocene sands, peat

Archaeology: four grave mounds,
sherd, flint axe, bronze
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Archaeological records around Wollingster See

Lobelia dortmanna

121



Depth composite Sample Age Err. cal age BP cal age BP calibrated age BP cal age BP
cm depth code 14C from to midpoint error
687-688 688 Poz-57173 5060 35 5910 5725 5818 93
529-530 530 Poz-80005 3470 35 3835 3640 3738 98
Depth composite pollen anal. cal age BP cal age BP calibrated age BP cal age BP
cm depth feature from to midpoint error
656-688 872 Elm decline 8000 5600 5800 200
368-400 384 Fagus >5% 2200 1600 1900 300
304-272 288 Secale rise 1200 800 1000 200
Depth composite geochemical cal age BP cal age BP calibrated age BP cal age BP
cm depth feature from to midpoint error
209-210 200 Zn rise 100 0 50 50
Outlier

Depth composite Sample Age Err. cal age BP cal age BP calibrated age BP cal age BP
cm depth code 14C from to midpoint error
239-240 240 Poz-60002 1020 30 1045 800 923 123
277-279 278 Poz-83386 1310 50 1311 1087 1199 112
319-320 320 Poz-60003 1930 30 1950 1815 1883 68
369-370 370 Poz-58265 2375 30 2655 2335 2495 160
408-410 409 Poz-63387 2560 120 2918 2347 2633 286
419-420 420 Poz-60004 3655 35 4085 3885 3985 100
479-480 480 Poz-58266 3500 40 3875 3645 3760 115
588-589 589 Poz-57311 4870 35 5660 5485 5573 88
629-630 830 Poz-80006 5540 40 8405 6285 6345 60

Age-depth model Wollingster See
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Silbersee

Catchment: c. 50 ha
Lake surface: 7 ha
Water depth: max. 10 m
Diameter: max. 330 m
Catchment: Pleistocene sands, peat
Archaeology: grave mound,
sherds, flint tools
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Chronology by means of gamma spectroscopy
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Sager Meer

Topographic map of The Sager Meer area
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Catchment: c. 100 ha

Lake surface: 16 ha

Water depth: > 22 m

Diameter: max. 550 m

Catchment: Pleistocene sands,
dunes, peat

Archaeology: medieval dunes




J939|\ J93es weudelp udjjod

or =4 r ooEs

e T e e e e e By
: | i

L ooce oo

i
wastf

[- 0058
Foost
[ 0008
[ 005

[ 000L

osan [ oose
I coca

[ 00F5

oo

[ 0oEk

[ 000F

'
[

[ 00SE

............... el A

O3

L cooe [ 00wl

[ 00a2

[ 0002

[ ooEk

[ 00EL

[ 0001

[- 00

[ 00E

I ooor-

[ 995" Fooe

L oooe- * %

=l

polEd

eun||eoi
CH -

snxey [ .
o
[ o

[

[

f

ElEREE)
Binjeg

snJadiunr |
snindod |,

snuidieD
SNU|XE] S

eaeUdWin |
BaLIAWY
wnuidoBed |

wnubeyds
{s|eaag |axa) eleases wng |

|EOIIBUD DJIEL
shoooaofdlog
d%N f d% olie

adf-e1EploD B L

wnse|pad wng
sigeuueDsnINWAH |4

papolios 8|geu|lIalapU|
saI0dsola|w SeleOSIL__
ele|oadue| obejue|d |
adfy-esojaoe xawny |
adil-slisanids snuid
{aw/0g) abe ajdwes

adAy-sueleu u01aﬁowe1odj__
(adAy-sselb pim) aeaaeodl

129



200

400

600

800

1000

1200

1400

1600

2000

4000

6000

8000

10000

12000

(]

[a)
<
8]
e
S o
=z 5
‘E w
g ¢
[=9
5 £
2
W »
208 3 -2000
400
500
8007 o0
1000
0
12004
1000
2000
3000
1400
4000
5000
6000
7000

Lithology

Potassium

Ration AP / NAP

Sum anthropogenic indicators

Myrica

Sphagnum

Pollen diagram indicating bog erosion

2 0

N 0 8K W 5

130

Age depth model Sager Meer
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Development of diatom assemblages in northwest German lakes

Eversener See

Out of 101 samples the diatom assemblage could be divided into two big zones (0- 1330 cal
BP, 1330 — 5500 cal BP), so the DAZ | splits into three smaller sections. In the early stages of
DAZ | (5500 — 3500 cal BP) the plankton content seems to be in trend higher and drops to
the end of DAZ I. Although also during this period short term events cause higher plankton
contents. In example 3220 cal BP the plankton content rises up to 86 % inducing years with
higher precipitation or shorter ice cover in winter causing longer mixing periods in spring. An
increase of planktonic species could also be observed in DAZ | between 1330 cal BP — 650 cal
BP. The dominating planktonic species throughout DAZ | are Tabellaria flocculosa and
Fragilaria tenera. The first is known as a species of wide range in trophy and electrolyte
preference, whereas Fragilaria tenera prefers oligotrohic waters with an acidic to circum-
neutral pH- value. A magnificent shift of the plankton content takes place at about 1330 cal
BP, accompanied by a significant change in the species community. This marks the beginning
of the middle ages. The ratio of benthic species drops to redound to the advantage of the
planktonic diatoms. The former species are replaced by different Aulacoseira species and
Discotella stelligera, which have in common a wide ecological range. The mass growth of
Aulacoseira granulata in 1276 cal BP and Asteriella formosa in 809 cal BP induce short term
increase of the trophic situation. The pH seems to be rising in DAZ | indicated by a lowering
of the ratio of Eunotia species. In general there seems to be a combination of pH and trophy
controlling factors especially in the beginning of the middle ages.

Lake Sager Meer

Diatoms have been found in 52 samples. 232 taxa in 30 genera could be identified and diver
significantly in 3 diatom assemblage zones. DAZ | includes only three samples and isn’'t
displayed here (DAZ 1l 3600 — 880 cal yr BP, DAZ Ill 880- 0 cal BP). A significant shift takes
place at about 880 cal BP with the beginning of the high medieval period (MEP). A complete
change in the diatom community can be observed. But right from the beginning in DAZ Il
significant changes are existent. The oligotrophic planktonic species Discotella stelligera is
replaced by the more mesotraphent planktonic Aulacoseira subarctica. Latter is almost
vanishing in DAZ lll and supplanted by the meso to eutrophic Aulacoseira ambigua.
Simultaneously different Fragilaria species occur which indicate a rising trophy. From ca.
1300 cal BP the decrease of the Eunotia ratio seems to give evidence for a rising pH as well.
Of all the three lakes (excluding Silbersee) the changes in Lake Sager Meer are most drastic.

Silbersee

The short core of Lake Silber displays in 13 samples two zones of diatom assemblage (35-70
cm, 0-35 cm) displaying the last 60 years. A clear shift took place from mesotrophic to clearly
eutrophic conditions. On the other hand the dominance of plankton was suppressed with
the occurrence of more benthic species. So it might have been a combination of rising
trophy and less precipitation which caused this change.

Lake Wollingst

The diatom community out of 57 samples of Lake Wollingst can be divided into two
assemblage zones (DAZ | 5800- 1980 cal BP, DAZ 1l 1980 — O cal BP). The community shifts
appear more cyclic than in the other lakes. Except the eutrophic Aulacoseira ambigua all
species of higher abundance occur throughout both zones. The first appearance of
Aulacoseira ambigua takes place at 417 cal BP with the beginning of the new ages. That
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indicates a slightly rising trophy, although Aulacoseira subarctica is still present in a very high
abundance. A very low pH indicating species is Tabellaria binalis. 1t could be found
throughout the entire investigated core section, whereas the highest abundance is in DAZ la.
It seems to be replaced by Eunotia and Fragilaria exigua and regains a higher abundance in
DAZ llb. So there seems to be a process of slightly rising and falling pH values. The lowering is
simultaneously with a lower plankton ratio. So obviously pH regulating processes depend on
the precipitation or the ice cover during winter and hence the duration of the mixing periods
in spring.

Over regional events could cause similar developments in lakes situated in one region. So a
comparison of the plankton development should give evidence for such events. At about
5400 cal BP Lake Eversen and Lake Wollingst both are characterized by a high plankton ratio.
Lake Sager Meer and Lake Eversen match at about 3200 cal BP, as well throughout the entire
Medieval Period, which is known for wetter climate conditions. With the end of the
migration period Lake Wollingst is characterized by a dropping plankton ratio, which
increases again in the end of the MEP. There are no fitting parts in all three lakes but by
trend Lake Sager Meer and Lake Eversen seem to be similar.
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Thursday, 11.09.2014
Jade Bay and Frisian Geest

The Sehestedter Moor — a unique mobile geological monument at the Jade Bay (K. E. Behre)
The Neuenburger Urwald — an outstanding historic woodland in Lower Saxony (K. E. Behre)
Guided tour at the Frisian brewery, Jever

Accomodation at Friesenhotel, Jever
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Topographic map of the southeastern Jade Bay
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The Sehestedter Moor -
a unique mobile geological monument at the Jade Bay

The Sehestedter Moor, a raised bog outside the dike, represents the remnants of an
extensive raised bog which originally covered large areas on both sides of the present dike.
Its formation started, when the predecessor of the present Jade-Bay, the Ur-Jade Bay, silted
up. Between 1500 and 1000 B.C. there was a regression phase in the North Sea and the
whole area turned from marine to freshwater conditions resulting in swamps and the
formation of fen peat. The hydroseral succession led further to brushwood peat and during
the next decline of the sea level shortly before the Birth of Christ, it changed to a raised bog,
dominated by Sphagnum. This development to a bog, which grows independently of the
ground water, was caused by the lowering of the ground water, as consequence of the sea
level decline. Behind the elevated levee along the coastline a huge backswamp area existed
until the Middle Ages, when the Jade Bay was formed.

Aerial photography of the Sehestedt AuRendeichsmoor from 2003
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The formation of the Jade Bay started in the early 13th century, when storm surges broke
through the elevated levees and flooded the low-lying backswamps. Many storm floods

continuously eroded the peat bogs and enlarged the bay step by step until it extended far
beyond its present size and had even connections with the Weser river.

The development of the Jade area since the Birth of Christ
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A very special way of resistance prevents the raised bog from being flooded and covered
with sediments: during high storm tides it floats up on the seaward side. Because the body
of the raised bog is completely filled with fresh water and the part along the cliff is dried out,
it is lighter than sea water and rises. In this way it protects the hinterland.

Before diking this phenomenon of the floating of raised bogs was quite common and
happened later outside the dikes. This is documented by the occurrence of clay layers within
the bogs which are frequently recorded in corings from the Clay District of Germany, the
Netherlands and elsewhere, and which are called Klappklei (turn up clay).

Nowadays the Sehestedter Moor is the only place at least in Europe, where this specific
phenomenon can still be studied and thus provides the explanation for the special geological
phenomenon of the Klappklei.

For many centuries the southeastern part of the Jade Bay was not protected by dikes as all
the other regions along the coast but by the floating up of the raised bog.

Only in 1725 a dike across the bog was built and for this an exact survey was carried out. So
we know that in 1722 the extension of the Sehestedt bog which was left outside the dike
amounted to 165 ha. At that time there still lived several farmers on the bog where they
raised sheep and had small fields. During storm floods their houses were lifted together with
the bog and these farmers were more safe than their relatives behind the dikes that
sometimes broke. The last inhabited farmhouse outside the dike was destroyed only in 1908,
not by the sea but by lightning.

Map of the south-eastern
Jade Bay ca. AD 1620
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Aerial photography of the raised bog out-side the dike and the cultivated part inside

The erosion of the Aufendeichsmoor (=bog outside the dike) continued further and further
and its size was reduced to 107 ha in 1820, 21 ha in 1932 and only 9.6 ha nowadays.
Although this bog is an important refuge for plants and animals, it had been decided not to
protect it in order to preserve this unique mechanism of a floating bog which lacks any
counterpart. The floating of this bog takes place when the level of a storm flood reaches 1,70
m above mean high water. This is not the case in every winter; there have been many years
without floating, in the most recent years, however, there were several severe floods and
the bog floated up. In winter 2006/2007 this occurred even three times, causing most severe
damage. Nov 1st 2006 during a huge gale the bog was lifted and the complete southern part
was torn off and drifted around 5 m southwards and also up onto the dike. At its edges peat
walls bulged, while along the separation line in the bog a channel came into existence which
now runs at right angle across the whole bog to the dike.
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When the bog floats up during storm surges, waves, driven by the gale, bounce against the
bog and strong erosion takes place. Peat chunks up to more than 10 m in length are torn off
and drift to the north and south. This is the way in which fresh and steep forms of the cliff
are created and maintained. During years without uplift the cliff slopes and becomes
overgrown by plants. When it floats up, the bog tears off exactly at the boundary between
the fen and the carr peat below and the Sphagnum peat of the raised bog above. Then a
hollow develops into which the water intrudes. Within minutes this churned up water
calmes down completely and loses its transport ability.

Now for many hours the dispersed clay and sand particles are deposited inside the bog and
form the Klappklei. With each floating up this Klappklei increases in thickness and reaches in
places up to more than 30 cm. This clay layer is sharply delimited at the top and the bottom
as can be seen in many co-rings in this bog and elsewhere along the coast. It is younger than
the peat above, which is demonstrated by pollen analyses of the clay compared with those
from the peat.

When the sea retreats after the storm, the bog drops into its former position. Now many
torn off peat chunks are scattered in front of the cliff; they will be eroded in the course of
the next years.

Opening-up of the Sehestedt bog and the formation of Klappklei

above: floating at severe storm floods
below: normal position
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Storm flood at the cliff of the bog Peat cliff in the southern part of the bog

Freshly eroded peat chunks Bog surface in spring with Myrica gale

By now the Sehestedt bog has become very small, but in its area it still protects the coast
and the dike behind it is one meter lower than north and south of it. It is estimated that it
helps to protect the dike until about 2040 and that smaller parts of the Sehestedt bog may
withstand until the end of this century.

Nowadays everywhere along the coast the dikes are increased to meet the expected rise of
the sea level. Such dikes have to be constructed much broader because of the soft clay
underground. In this special case it would mean that about half of the bog would have to be
given up. To avoid this, an iron sheet-pile wall was driven into the dike to provide additional
safety.

Apart from its eminent geological value the Sehestedter Moor is also very important for
plants and animals. Although it dries out continuously and is influenced by salt spume during
storm floods it is still ombrotrophic in large parts and several typical plants of the raised bog
have survived. That includes more than ten Sphagnum species, two species of Drosera as
well as Rhynchospora alba. It is also a refuge for several rare birds and many small animals.
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For the vegetation history the Sehestedter Moor is a very important archive as it is the last
remnant of the former huge bog and the only place in a wide region where a pollen diagram
could be elaborated. The pollen diagram is presented here in a short form only. Apart from
the youngest part, when the raised bog became smaller and was even cultivated in some
parts, the pollen diagram shows the local bog vegetation, which produces only little pollen,
and the pollen input from the wide area around from where mainly the tree pollen came.

In the lowest part of the diagram the vicinity of brackish or marine environments can be
seen, expressed in the declining curve of Chenopodiaceae. The tree pollen of the Klappklei
layer (see also the detail diagram) is characterized by high percentages of Pinus, which is
common in marine sediments as well as some Picea, not native in NW Germany and
occurring here as redeposited and far distance transport. Important is the record of Juglans,
Secale (up to 2%!) and Centaurea cyanus long before these species reached this region. They
confirm that the material of this layer is younger than the peat above, where these species
disappear again. There are two 14C-dates from below and above the clay layer: 2190470
respective 218075 years BP.

The upper part of the pollen diagram shows the history of agriculture upon the bog and
around. The start of the Secale curve points to the rye cultivation on the Pleistocene ground
10 km away, but since the Late Medieval period, when Secale reaches remarkable 31 %, rye
was grown on the peatbog itself, together with Avena strigosa (hidden in Cerealia p.p.),
which is supported by written sources. Later also Fagopyrum esculentum was cultivated
here, which at that time was a common fruit on the poor soils of the raised bogs in NW
Germany and the Netherlands. Cannabis on the other hand has never been grown on the
bog, but in the Clay District around, where Medieval macro-remains were found. The
considerable increase of Poaceae indicate the cultivation of small parts of the bog for
grazing, for which as for the fields, manuring was necessary. Together with Chenopodiaceae
the grasses also show that the salt marshes came closer to the coring point in the course of
the destruction of the bog.

The Sehestedter Moor has been a nature reserve since 1938 and is strictly protected. 1986 it
became part of the national park Niedersachsisches Wattenmeer, together with all salt
marshes around the Jade Bay. Only in 2007 a wooden trackway was constructed along the
southern margin of the bog in order to open it at least slightly for the public.

Stratigraphy with Klappklei Pollen diagram: Detail from the Klappklei
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Pollen diagram Sehestedt bog
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The Neuenburger Urwald -
an outstanding historic woodland in Lower Saxony

During Medieval and early Modern Times almost the entire Pleistocene region in NW
Germany was covered with heaths; only in very small areas woodland existed then. One of
these places was the Neuenburger Urwald west of Varel, which nowadays is of course no
primeval forest as the name suggests, but woodland that has been utilized and transformed
by man for many centuries.

In addition to this old wood large parts of the former heathland around have been
afforested within the last 150 years, mainly with conifers, which are introduced.

Last impression of the former grazed forest

The Neuenburger Urwald is situated on relatively good soils: Lauenburg clay of Late Elsterian
origin is covered by a thin layer of Saalian (Drenthe) till. There are no pollen diagrams from
the forest area, but the recent “natural” development shows the climax vegetation or at
least the potential natural vegetation of nowadays. It comprises mainly three forest
communities: oak-hornbeam-forest (Stellario-Carpinetum), beech-oak-forest (Fago-
Quercetum) and wood millet-beech-forest (Milio-Fagetum).

This forest has been used in many ways since the Middle Ages and there are many written
and other sources about this. After the repopulation in the Early Middle Ages there existed
several settlements in this area and their fields, manured with plaggen, could be traced in
the wood.

As a consequence of the Black Death in the 14th century, these fields as well as some
settlements were abandoned and the count of Oldenburg took possession of the area which
became wooded more or less naturally. However, the farmers around maintained the rights
of forest grazing.
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Topographic map of the Neuenburg forests
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Soil map of the Neuenburger Urwald. White: sandy soils; yellow: loamy soils, green: old fields.

During the early Modern period the shortage of timber increased considerably, mainly due
to ship building and the demands of the treeless Clay District to the north. Therefore Anton
Gunther, the famous count of Oldenburg, initiated in the 17th century a large scale
afforestation of this area with almost exclusively common oak (Quercus robur) because of its
high prices. So this was by no means natural woodland but a timber forest, grazed by cattle.

During the Danish period of Oldenburg (1667-1773) the forest was severely exploited and
several farmers from the neighbourhood acquired small private plots in the forest as
pastures, the boundaries of which can still be seen as slight banks and ditches in the Urwald.

Boundary of an old private plot
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Detail of the first map of the Neuenburger Urwald from 1782

After this period a complete reconstruction of the forest took place. In this connection a
precise forest map was produced 1782, probably one of the oldest of this kind in northern
Germany. Now new plantations were made in the large clear cut areas, however, not only
with oak but now also with beech and hornbeam. Often two or more seedlings were planted
together in one hole in order to have at least one tree that grows up. However, in many
cases two or even more developed, forming twins or even bunch trees, which are still now
frequent in the Urwald.

From this time the Urwald has been used not only for timber but for many other purposes.
Many written sources tell us that the humic soil surface was removed to manure the fields,
the litter was used for the cattle and pollarding as well as lopping were practised, too. But
the most important factor that transformed the wood into a semi-open area was forest
grazing. The farmers around the forests owned grazing privileges and a very sophisticated
system was practised to answer the various demands of exploitation. According to a
chronicle of 1792, 284 horses, 861 heads of cattle, 660 pigs and 1292 geese were driven into
this forest. Before this also goats had been allowed. Numerous oaks were protected as mast
trees, but everything else — sprouting trees and shrubs as well as herbs were eaten by the
domestic animals, which caused high pressure upon this ecosystem.
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Map by Lecoq, showing the few forests at 1805

Thus a park-like open forest, dominated by oaks, with a green floor mainly of grasses
developed, which is documented in several paintings from the 19th century. From 1850 the
government tried to ban forest grazing but with little success, so the wood pasture
continued up to the 1920ies.

On the other hand, already in the middle of the 19th century the public interest in the
beauties of this old forest started and as a consequence the central part, the Urwald area,
was protected in the way that any utilization apart from grazing was forbidden. Now also
recreation became a topic for the society and the middle classes discovered a passion to
promenade, for which this old forest with its bizarre oaks and beautiful tree ensembles
became a favourite target.
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Oak, capped in order to get a wider crown for more mast

A strict nature protection regulation prohibiting forest activities, which has been intensified
by law since 1938, lead to the strong spread of beech. This was enforced by the old drainage
system, which favours Fagus in its competition against Quercus. The beeches occupied the
open areas and soon overgrew the oaks so that many of these died. Nowadays the
succession towards the potential natural forest has more or less finished in most parts of the
protected area; some of the dead oak trunks are still standing upright, others have fallen
down. In the underwood there took place a considerable expansion of llex aquifolium,
favoured not only by the oceanic climate of the coastal region, but also by the advantage of
having been present in the forest from the beginning, but being rather resistant to grazing.
There exist impressive trees of llex with a height up to 15 m and a trunk diameter up to
29 cm.

Nowadays this old forest is one of the very few historic woodlands in Germany, where the
different ways of former forest utilization such as pollarding and coppicing can be studied.
Pollarding for instance often led to peculiar trees with a stump carrying several stems and
forming typical candelabra. Some of the deformed trees, broken down, give the impression
of dangerous ghosts, especially at night. Perhaps the most important treasure of the Urwald
is the large amount of dead wood that offers special biotopes for some plants and many
animals, in particular fungi, birds and insects.

Around the protected area the forest is still today endangered by the activity of the brick
industry which for centuries has been using the weathered uppermost 2 m of the Lauen-
burg clay for bricks of excellent quality.
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Forest grazing around 1870 (J. Preller)
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Shredded hornbeam (Carpinus betulus) Pollarded hornbeam (Carpinus betulus)

Bunch hornbeam (Carpinus betulus) Oak and beech — twins, planted together
(Quercus robur, Fagus sylvatica)
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Oak dead wood Tinder fungus (Fomes fomentarius) on beech

Tinder fungus (Fomes fomentarius) in detail

Heartwood affected by blight Sapwood (oak)
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Friday, 12.09.2014
Baltrum Island

Settlement and Cultural History of the Wadden Sea (J. Goldhammer & M. Karle)
Tidal flat development and genesis of the East Frisian Islands (F. Bungenstock)
Submerged prehistoric landscapes of the North Sea (S. Wolters)

Accomodation at Friesenhotel, Jever
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Some facts on Baltrum

Baltrum is a barrier island off the coast of East Frisia, in Germany, and is a municipality in the
district of Aurich, Lower Saxony. It is located in the middle of the island chain known as the
East Frisian Islands and is the smallest permanently inhabited island in the chain according to
the area and number of inhabitants. The gut Wichter Ee in the west separates Baltrum from
Norderney and the gut Accumer Ee in the east separates it from Langeoog. There are two
villages on the island — Ostdorf and Westdorf — although they have essentially merged into
one. The ferry for Baltrum departs from the small port near the village of NeBmersiel. The
island has its own ferry terminal and a small airstrip.

The island is about 5 km long and 1.5 km wide. It covers an area of 6.5 square kilometres and
has a population of 554 people (31.12.2012), rising to about 3,500 during the summer
months due to tourism. The highest point on the island is a coastal dune with a viewing
platform on top and rises 19.3 metres a.s.l.

The origin of the name Baltrum is under dispute. In 1398, the island was mentioned for the
first time in a document of enfeoffment as “Balteringe” meaning either "pasture" or "[the
place of] the sons or followers of Balter" in Old Frisian. Another assumption is that the name
is derived from the Germanic god Balder/Baldur. Other spellings were Baltrum or Baltern.
However, since 1825 the name of the island is spelled Baltrum.

The geographers Strabo and Pliny the Elder provide an indication that the island existed
since the first century BC and AD. During the era of the East Frisian chieftains, from 1350 to
1464, the East Frisian islands belonged to the powerful family tom Brok. In 1398 Widzel tom
Brok assigned Balteringe (besides the other islands) to Duke Albert | of Bavaria and received
them back as fief.

In the 17th century Baltrum had an elongated shape similar to the present shape of the
barrier islands Norderney and Juist. Unlike any other East Frisian island Baltrum suffered a
severe land loss at its western coast over the centuries and in return gained only little land at
the east. Between 1650 and 1960 the island moved about 4.5 km at its west side to east,
whereas the east coast moved only 1.5 km further to the east. This dynamic is caused by the
tidal current in the gut between Baltrum and Norderney.

A committee in 1650 reports that the 14 inhabitants on the island of that time were in
jeopardy by the sea. In 1737 there was one village with a church but it had to be abandoned
in 1800 due to silting up of shifting sand dunes. The new village, named Westdorf, was
founded c. 800 m to the west of the present day west coast on a nowadays sand plate
between Baltrum and Norderney. A second village— Ostdorf — was founded 1820 in the east.
Following a storm surge in 1825 which disrupted the island into several parts and made it
virtually uninhabitable, Westdorf was abandoned and had to be rebuilt at the place of the
present site. From 1873 onwards the island was protected against the power of the sea with
groynes, wooden palisades and revetments. Furthermore levees are protecting the built-up
area against floodings.

Although Baltrum became a seaside resort in 1898, tourism grew very slowly. Since 1966
Baltrum has been a seaside health resort approved by the state of Germany. Two hotels
were opened in the end of the 19th century, Hotel Kiiper in 1892 and Hotel zur Post in 1895.
Before the World War Il broke out 5,000 to 6,000 people visited Baltrum annually. In 1960
nearly 17,000 tourists showed up rising to c. 30,000 in the 1970s. Today Baltrum is visited by
c. 50,000 guests per year.
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Geological profile section of Baltrum, after Sindowski (1973)

Baltrum 1650 - 1960
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Historical development of Baltrum between 1650 and 1960
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Flora and vegetation of the East Frisian Islands

The dunes at the northern exposed (seaward) side of the islands

Along the seaward coast of the barrier islands, the constant supply of sand lead to the
formation of dunes which are a characteristic element on barrier islands. Sand grains,
ground-up mussel shells and organic material washed ashore by wave action are transported
by wind above the high water mark and deposited behind obstacles. Particularly important
as dune builder is the grass Ammophila arenaria, a gras which traps sand between the stalks
and is able to persist on the growing dune due to its rhizomes.

A series of plant communities takes part in the formation and further development of the
coastal dunes (Ellenberg 1988). These are typically arranged in a series of successional zones.
However, because of their importance for coastal defense, the natural geomorphological
patterns have largely been modified and artificially fixed today, thereby losing their
dynamics.

Along the drift lines, decomposing organic matter at the extreme high water mark facilitates
the occurrence of annual nitrophytes (e.g. Cakile maritima, Beta maritima, Atriplex litoralis).
Further inland, Agropyron pungens, A. junceum and Ammophila arenaria form ‘primary
dunes’ which later developed to high ‘white dunes’ by continuous accumulation of sand.
Typical plant species include Eryngium maritimum, Lathyrus maritimus and Viola tricolor.
Eventually, sand accumulation ceases and more organic-rich ‘grey dunes’ develop with a
plant cover consisting of short grasses and low herbaceous plants (e.g. Jasione montana,
Sedum acre) as well as of mosses and lichens. This is accompanied by a rapid leaching of
carbonates, leading to the formation of ‘brown dunes’ characterized by dwarf-shrub
heathlands (e.g. Empetrum nigrum, Calluna vulgaris). Quite often, bushes can be found
growing on the lee side of the dunes (e.g. Hippophaé rhamnoides, Salix repens). Neophytic
species found in the dune vegetation include Rosa rugosa, Senecio inequidens and Prunus
serotina.

3. white dunes 1 poteﬁ{iul dune wood)
2.primary dunes & ?rey dunes == /’/ 5.brown dune
1.drift lines v, a6 serub dune 4grey dune

sandy shore Wiy

----- PR L e AR LIMYSAND
BRACKISH GROUND WATER  ~ == FRESH GROUND WATER

Schematic zonation of dune vegetation along the North Sea Coast. In the absence of disturbance by
man or domestic animals, trees or at least bushes would be found growing in the small depressions
(valleys) and on the brown dunes (heath dunes) and probably also on the grey dunes. Leaching of
carbonates takes place rapidly once the dunes stabilized. In larger dune complexes it is possible to
find freshwater. This is rainwater which has drained through the sand is collected as a “cushion”
above the more dense salt water (Ellenberg 1988).
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Salt marshes and upper tidal flats at the southern sheltered (landward)
side of the islands and at the mainland coast

The flora of a salt marsh is differentiated into levels according to the plants' individual
tolerance to salinity and water table levels. The plant species must be able to survive high
salt concentrations, periodical submersion, and a certain amount of water movement, while
plants further inland in the marsh can sometimes experience dry, low-nutrient conditions.

The most common salt marsh plants are glassworts (Salicornia spp.). They are the first plants
to colonize a mudflat and begin its ecological succession into a salt marsh. Their shoots lift
the main flow of the tide above the mud surface while their roots spread into the substrate
and stabilize the sticky mud and carry oxygen into it so that other plants can establish
themselves as well. Plants such as sea lavenders (Limonium spp.), plantains (Plantago spp.),
and various sedges and rushes grow once the mud has been vegetated by the pioneer
species.

Salicornia spp. as pioneer species.

Salt marshes form the upper parts of the intertidal zone, the interface between land and sea,
and are strongly controlled by geomorphological, physical and biological processes, such as
sedimentation in interaction with the vegetation, tidal regime and wind-wave pattern. They
constitute a habitat for a wide range of organisms. On a European scale, among 1,068 plant
species that are bound to coastal habitats, nearly 200 are restricted to salt marshes (van der
Maarel and van der Maarel-Versluys, 1996).

Three main salt marsh zones with different vegetation can be distinguished: the pioneer
zone where plant growth starts at about 40 cm below mean high tide (MHT); the low marsh,
inundated during mean spring tides (100-400 floods/year), and the middle/high marsh with
less than 100 floods per year. In addition, the sandy green beach and the brackish marsh can
be differentiated by a special type of vegetation. Adjacent to the salt marshes fresh
(anthropogenic) grassland occurs.
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Salt marsh with Limonium vulgare. The species composition of salt marshes is determined by the
frequency of flooding as well as by the intensity of grazing.

Schematic zonation of terrestrial plants at the German North Sea cost. The habitats depend on their
position relative to the mean highwater mark (Ellenberg 1988).

The mainland salt marshes have a clearly different character than the island salt marshes;
due to coastal protection activities the artificial mainland salt marshes show a higher
proportion of the pioneer zone compared to the islands.
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Settlement and Cultural History
of the Wadden Sea area in Lower Saxony

The Wadden Sea area is characterized by strong tidal changes and sediment movements.
Since the end of the last glacial period this amphibian landscape has gone through
innumerous changes, and is still in motion. It was used by humans until the Holocene
inundation took place. Contemporary sediment shifts give the opportunity to get insight into
sunken settlements and palaeolandscapes but may also destroy the rich geological and
archaeological record. In recent years, increasing coastal protection and offshore industries
threatens the cultural heritage higher than ever.

The project “Settlement and cultural history of the Wadden Sea area in Lower Saxony” aims
to document the cultural heritage of the Lower Saxon Wadden Sea which covers a territory
of 3,525 km?. In this region, during low tide the seafloor falls dry and surveys are possible
without diving equipment.

By analysing a variety of basic geological data, palaeogeographical changes of the modern
coastal area will be reconstructed in order to identify zones of particular archaeological
interest. The recording of known, the prospecting of new sites and the investigation and
consecutive monitoring of both shows the research potential of this tidal region and will help
saving the cultural archive before erosion destroys it. By this means the project aims to get
new insights into the development and anthropogenic use of the Wadden Sea area.

Field work in the Wadden Sea area
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Sea Level Rise and Changes on the North Sea coast since the last Ice Age (Behre 2008).
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Work in progress example for areas with high potential of detecting archaeological finds in the
Backbarrier Tidal Flats of Langeoog and Spiekeroog.

Wooden tidal outlet gate from late medieval times of Seriem, Backbarrier Tidal Flats of Langeoog
(Niederhofer 2010).
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Human remains from burial ground near Ostbense, 5th century AD, Backbarrier Tidal Flats of
Langeoog (Niederhofer 2011).

Geomagnetic survey in the Wadden near Schillig
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Chart of geomagnetic survey at a destroyed farm stead in the Wadden near Horumersiel

Fragments of ,,Werraware“, 16th-17th century, found at the farm stead in the
Wadden near Horumersiel
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Tidal flat development during the last 15 years

The German North Sea Coast

The coastal Holocene, schematic: Pleistocene high/plateau underneath the island, on top tidal flats,
beach deposits and finally dunes (after STREIF 2004 and Bungenstock & Schéafer 2009)
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Amphidromic points and tidal ranges of the North Sea
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Biofacies at the North Sea coast (Dorjes 1978)

Facies zones of the backbarrier tidal flats of Baltrum, BUNGENSTOCK (2000)
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Sediment distribution in the backbarrier tidal flats of Baltrum, Bungenstock (2000)

Ebb tidal currents in the backbarrier tidal flats of Baltrum, nach Bungenstock et al. (2002)
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Distribution history’ of Crassostrea gigas along the Southern North Sea coast,
Wehrmann, Herlyn, Bungenstock, Hertweck & Millat (2000)
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Mechanisms and timing of the barrier island genesis
at the East Frisian coast

The Southern North Sea coast is characterized by a 250 km long chain of 17 barrier islands
from the west in The Netherlands to the east in Germany to the Inner German Bight. The
islands are situated in about 10 km distance north of the coastline.

Since 2009 the islands backbarrier tidal flats are part of the wadden sea UNESCO world
heritage as one of the largest connected tidal flat areas of the world. The NL-D barrier island
chain is not only essential for the existence of the backbarrier tidal flat system but also the
most effective protection for the mainland during storm surges. The islands are classified as
mixed wave/tide dominated (Fitzgerald & Van Heteren 1999, Stutz & Pilkey 2011). The tidal
range varies from 1.40 m in the west at Texel/The Netherlands up to 3 m at the easternmost
island Minsener Oog/Germany. Due to the ratio of relative sea level rise and sediment
supply these islands are retrograding, which means they are consistently migrating landward
over time. In the North the islands are characterized by up to 18 m high dunes building the
natural protection of the islands during storm floods. Dunal breaches and washover fans are
typical. Behind the northern dunal part, in the south of the islands there are muddy salt
marsh deposits, the so called ‘Inselgroden’. These organic rich layers crop out at the
northern side of the islands underneath the dunes at the beach as the result of the
southward migration of the island, the so called barrier rollover (Freund & Streif 2000).

The principle of barrier rollover
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Subfossil salt marsh horizons at the northern beach of the Eastfrisian island Juist

Hypotheses of barrier island genesis

The genesis of barrier islands in general has been a topic of scientific debate in the past (e.g.
Schwartz 1973, Streif 1990, Flemming 2002). Schwartz (1971) suggests the “multiple
causality principle” as no single mechanism will find general acceptance. For the islands of
the Southern North Sea, there are altogether 4 hypotheses for their genesis:

The first one, the coastal barrier hypothesis, was firstly formulated by Penck (1894)
analogous to the coastal development at the Baltic Sea. Penck describes the East Frisian
islands as relicts of a former coastal barrier. Gripp (1944) also uses the term coastal barrier,
but describes the East Frisian islands as an early form of a coastal barrier system developing
from an open tidal flat system to a closed coastal barrier. This implies a west to east
expansion of the tidal flats which is not concordant with the geological record and today’s
observations which show a simultaneous accumulation of the tidal flats along the coast.

Liders (1953) publishes the beach barrier hypothesis describing an elongated beach barrier
system interrupted by several tidal inlets as initial phase (see also Fisher 1967; Hoyt 1967,
1968). This hypothesis is quite similar to the palaeogeographical maps published by Oele et
al. (1979). These maps show for the coastline west of Amsterdam to the Ems estuary a beach
barrier system for the time slides of 7500, 5000 and 2000 BP. Streif (1990) notes for this
hypothesis that not only today but also during early stages of the Holocene sea level rise
different tidal amplitudes have to be supposed along the coastline of the Southern North
Sea. This means that elongated beach barriers, barrier islands and sandbars have existed
simultaneously and no uniform morphological picture has to be necessarily expected.

The third hypothesis, the sand bar hypothesis, is described by Ordeman (1912), Keilhack (
1925) and later by Barckhausen (1969) who takes the island of Langeoog as a model region.
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Barckhausen describes the development of the East Frisian islands as a result of currents,
wave surge and wind. According to the view of King (1959) after Barckhausen the islands
evolved from periodically flooded sand bars over beach barriers to the final stage of barrier
islands.

These three hypotheses do not take into account the fact that 6 of the 8 East Frisian barrier
islands are situated on top of a Pleistocene high (Griffel et al. 2013). Streif (1990) supposes
that the islands originally developed as so called ‘Geestkerninseln’, which means islands with
a Pleistocene core that protruded the tidal flat sediments of the area. Around 6000 BP these
cores were covered by marine sediments during sea level rise and transformed later (around
2000 BP) to the today’s barrier islands (Streif 1990). This explains the Pleistocene high
underneath most of the islands but does not directly link genetically the stage of the
‘Geestkerninsel’ and the stage of the barrier island.

Flemming & Davis (1994) describe the East Frisian barrier islands as initial several longshore
grown barrier spits. They developed from around 7500-8000 BP onwards when the
postglacial sea level reached the base of the modern shoreface at approximately 20-25 m
below NN, the German ordnance datum (Flemming 2002). At this stage several northward
directed Pleistocene ridges being part of the late Pleistocene drainage system characterized
the landscape. The seaward edges of these ridges were reworked by wave action and finally
shore-parallel sandy spits were built (Flemming 2002). During the following Holocene
transgression the spits where separated from the mainland and transformed into barrier
islands (see also Zagwijn 1986, Vos & van Kesteren 2000).

This hypothesis leads to the second question, when the islands developed. After Flemming
(2002) their initiation as barrier spits began when the Holocene sea level reached the
shoreface of 7500-8000 BP, which is about 7500-8000 BP. The transformation of the barrier
spits to the actual barrier islands was probably completed around 6000 BP when the rate of
sea level rise declined (e.g. Behre 2007, Bungenstock & Schafer 2009). This corresponds with
the chronological model for the development of the barrier islands in the Netherlands (see
Zagwijn 1986).

Vos & Van Kesteren (2000) and Vos et al. (2011) suppose an existence of the islands as
original barrier islands since about 8000 BP. They argue that with a tidal range of only 1 m
(Franken 1987) the sediment supply could keep pace with sea level rise of 0,80 to 1 m per
century.

Streif (1990) describes that the East Frisian islands as initial ‘Geestkerninseln’ could develop
after 7500 BP at earliest. After submergence of the Pleistocene cores some thousand years
later the barrier islands developed. The oldest salt marsh horizons supporting the picture of
a protected backbarrier area and therefore the existence of a barrier island are dated on the
island of Juist to about 2000 BP (Streif 1986).
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Hypothetical Holocene evolution of the East Frisian coast over the past 7,5 ka (modified after
Flemming and Davis 1994)
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Maps from the Paleogeographical Atlas of the Netherlands in the Holocene, Vos et al. 2011)
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Ebb tide and flood tide currents

a) Flutstrom mit Stromteilung b) Ebbestrom mit Stromschatten
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Abb. 56 a,b: Riffbildung in der Stromteilung und im Stromschatten
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Abb. 8: Flut-Strombahnen 1909

Ysker, in prep.
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Abb. 52: Ebbe-Strombahnen 1975 in den Profilen E12/1ll-V und E22/1ll-V

Ysker, in prep.
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% Abb. 21: Flut-Strombahnen 1875 in den
%, Profilen F41/1-Il, F51/1-ill und FE1/1-V

Ysker, in prep.
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Research on the island of Langeoog

The island of Langoog and the
study area in the eastern part of
the island

Chronostratigraphy for Langeoog, first draft, Bungenstock et al., in prep.
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The corings from the ,Groden’ in the South to the beach in the North
with subdivision in different facies zones (KLAFFKE 2007).

191



a) GPR profile Langeoog 10
b) Definition of boundary horizons und subdivision in radarfacies (KLAFFKE 2007)

The GPR profiles and the corings (projected) (KLAFFKE 2007).
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Submerged prehistoric landscapes of the North Sea

Discover the submerged prehistory of Europe — aims, methods and outcomes
of the European SPLASHCOS-network

From 2009 to 2013 the European Commission funded the research network SPLASHCOS —
Submerged Prehistoric Archaeology and Landscapes of the Continental Shelf - under its COST
programme. This aimed to bring archaeologists, marine geoscientists, heritage agencies, and
commercial and industrial organizations together, these being people or bodies interested in
researching, managing and preserving the archives of archaeological and palaeoclimatic
information locked up on the drowned prehistoric landscapes of the European continental
shelf (see http://www.splashcos.org/).

Researchers from almost all European countries with coastal areas became members of
SPLASHCOS and contributed with their knowledge and experience in discussions, field
schools, seminars, projects and publications, addressed both to the scientific community as
well as the general public. The web-based information-tool "Splashcos-viewer" makes basic
scientific information available, such as maps, images and references about all sites which
the SPLASHCOS-network is working on as well as addresses of institutions and researchers in
charge. This in particular is expected to raise the public awareness of the submerged part of
the common cultural heritage of Europe.
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Depth profile

Bathymetry of the North Sea

Exclusive economic zones of the North Sea and archaeological artifacts
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Maps by
B. Coles 1998

Behre 2008

The development of Doggerland
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Coastal development, sea-level change and settlement history
during the later Holocene in the Clay District of Lower Saxony
(Niedersachsen), northern Germany
Karl-Ernst Behre

Niedersdchsisches Institut flir historische Kiistenforschung, POB 2062, Wilhelmshaven D-26360, Germany

Abstract

This paper focuses on the last 4000 years of coastal evolution and settlement in Niedersachsen (Lower Saxony). Due to a decrease
in the rate of sea-level rise during the later Holocene, regressions took place, which included calmer phases, during which
intercalated peat developed. The first marked regression started at ca. 1500 BC (calibr.). As a result, peats formed which can be
traced into the tidal flats far beyond the present coastline. During the following Dunkirk 1 transgression period, several bays were
created and the coast took on its present-day outline. Shortly before the Birth of Christ, a second pronounced regression occurred,
which resulted in soil formation and led to a far-reaching human occupation in the Clay District, i.e. the so-called Marsch. For this
time, and also for the period around AD 800 as well as for around AD 1500, the entire coastlines have been reconstructed. Increase
in storm-flood level from the st century AD onwards was responded to by the local population by the construction of dwelling
mounds, i.e. Wurten. Diking started in the 11th century and by the 13th century a continuous system of winter dikes had been
created. The cutting-off of the hinterland by diking resulted in higher storm-flood levels. Severe breaches of the Medieval dikes led to
the formation of large bays such as the Dollart, Ley Bay, and Jade Bay as a result of higher storm-flood levels which, in turn, were
caused by diking. The formation of these new bays resulted in large-scale changes in hydrographic conditions in the hinterland and,
as a consequence, existing bays sometimes silted up. The consequences of short-term storm flood events are compared with the long-
term effects of the changing drainage system.
© 2003 Elsevier Science Ltd and INQUA. All rights reserved.

Keywords: North Sea; Germany; Lower Saxony; Holocene; Sea-level changes; Former coast lines; Occupation history; Diking history

1. Introduction mined by sea-level changes. During the early decades of
research in this new field, the opinion prevailed that it
The history of coastal development is a research topic was the land that subsided, due to tectonic crustal
with a long tradition in Lower Saxony. In the early movements. It was only in the 1930s that the view
stages, i.e. in the first decades of the 20th century, it was changed as a result of comparisons with sea-level change
mainly the field of amateur scientists such as H. Schiitte in other regions and also repeated levelling in the coastal
and D. Wildvang. They carried out thousands of corings region. Now it is generally accepted that tectonic decline
in the Clay District (Marsch as opposed to Geest, i.e. the contributes only a very small part compared with that
higher Pleistocene sandy ground) and also collected ascribable to sea level rise.
many observations in order to draft a first picture of the In 1938, the Niedersichsisches Institut fiir historische
coastal history. Though an early stage in the research, Kiistenforschung (Lower Saxony Institute for Historical
they combined information on the geological record as Coastal Research) was founded by W. Haarnagel in
well as evidence for human occupation. Wilhelmshaven, with the object of carrying out coastal
There are few areas in Europe where habitation is so research in a professional way. From its foundation, the
dependent on developments in the natural landscape as Institute was concerned not only with Holocene geology
in the Clay District of the southern North Sca. Both but also settlement archacology and environmental
landscape changes and scttlement history were deter- history informed by botanical/palacoecological re-
search. Together with the Niederséichsisches Landesamt
E-mail address: karl-ernst.behre(@nihk.terramare.de (K.-E. Behre). fiir Bodenforschung (Geological Survey) in Hanover

1040-6182/03/$ - see front matter © 2003 Elsevier Science Ltd and INQUA. All rights reserved.
doi:10.1016/S1040-6182(03)00064-8
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Fig. 1. Schematic representation of Holocene deposits in the Wilhelmshaven area showing a typical sequence of marine and brackish deposits with

intercalated layers of peat, formed under freshwater conditions.
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Fig. 2. Sea-level curve (mean high water level) for the middle and late Holocene in the North Sea coastal region of Germany. Age in calendar years.

of the sea level and a large-scale regression of the North
Sea took place (Behre, 2003). In this time, the so-called
Upper Peat was formed over extensive areas in the
German coastal region (Fig. 1).

The formation of the Upper Peat (Figs. 1, 2 and 4) is
an important feature in the landscape history and the
corresponding sea-level decline has also consequences
for the history of habitation. Below the Upper Peat
there is, according to the diatom flora, a transitional
zone from salt and brackish to freshwater conditions
during which clay was still deposited. Here rhizomes are
encountered, which come from the Phragmirtes peat
above. This reedswamp peat is another part of the
regressive development and in typical successions it is
followed by sedge and carr peats (Fig. 4). The beginning
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of the Upper Peat formation dates to ca. 1500 BC with
somewhat earlier dates in landward areas (ca. 1700 BC).

In many places, the formation of fen peat stopped and
was succeeded by raised bog vegetation which resulted
in the formation of Sphagnum peat (Fig. 4). This
strongly suggests that the initial lowering of sea level
has taken place which lead to a decline of groundwater
level in the coastal area. This had consequences for mire
development insofar as fens are dependent on ground-
water, while raised bogs are ombrotrophic, i.e. rainwater
dependent.

The extent of the Upper Peat is well known because
its upper surface is only 1-2m below the present-day
clay surface and is often encountered in field investiga-
tions as well as during construction of buildings and
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Moorlog (Torfgeroll)
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According to the different tidal amplitude (Behre
2003), the MHW differs along the coast and from the
coastal zone to inland where it is also influenced by
additional morphological and hydrological factors, so
the data from the coast itself are the most reliable. In
compiling data from the various coastal areas, all
depths had to be corrected to a standard tide gauge,
for which Wilhelmshaven was chosen. In the curves
presented in Figs 1, 3 and 7, the symbols always show
the local MHW as given by the original authors, while

BOREAS 36 (2007)

the curve itself is based on corrected data that are
indicated by crosses. As the tidal range is dependent on
coastline configuration and bathymetry, there must
have been a considerable deviation from the modern
tidal range during the early Holocene, in particular
before the connection of the North Sea with the
English Channel, and during the existence of the
Dogger Bank. Recent considerations on former tidal
ranges have been made by Austin (1991) and Shennan
et al. (2000). According to their models, the difference

cal. years
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Fig. 1. New curve showing sea-level changes (MHW) in the southern North Sea. Horizontal lines with short vertical lines at the ends show
calibrated "*C dates and the 1o range of the calibrated date, which is often asymmetrical after calibration. Where there are no vertical lines, age
as estimated by pollen analytical or archaeological dating is indicated. The curve is based mainly on the position of the + symbols. Possible
compaction effects and transgression and regression trends that can be fixed only in time have also been considered, For numbering of the
points in the later part of the curve, see Fig. 3.
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A new Holocene sea-level curve for the southern North Sea

KARL-ERNST BEHRE

BOREAS

Behre, K.-E. 2007 (January): A new Holocene sea-level curve for the southern North Sea. Boreas, Vol. 36,
pp. 82-102. Oslo. ISSN 0300-9483.

A new sea-level curve (MHW, mean high water level) for the southern North Sea is presented, spanning the last
10000 years and based on new data recently obtained along the German coast. The 118 dates were selected from
basal as well as intercalated peats of the Holocene sequence and archaeological dates from the last 3000 years.
Because of different MHW levels along the German North Sea coast, all data were corrected to the standard tide
gauge at Wilhelmshaven to make them comparable. Special advantages of this area for sea-level reconstructions
are negligible tectonic and isostatic subsidence and the absence of coastal barrier systems that might have
mitigated or masked sea-level changes. Changes of water level had therefore immediate consequences for the facies
and could be dated exactly. The chronostratigraphic Calais—Dunkirk system has been improved and adapted to
the new data. Altogether seven regressions (R 1-R 7) have been identified, each of them characterized by a
distinct decline in sea level. These fluctuations are in accord with the evidence from other parts of the North Sea
region. A draft of former North Sea shorelines is presented on the basis of this sea-level curve.

Karl-Ernst Behre (e-mail: belre(@nihk.de ), Niedersachsisches Institut fiir historische Kiistenforschung, Viktoriastr.

26/28, D-26382 Wilhelmshaven, Germany, received 29th August 2003, accepted 29th May 2006.

The rise in sea level as a consequence of global
warming is a topical issue for both specialists and the
wider public. In areas where shallow seas predominate,
the consequences of changing sea levels can be
enormous, and shallow coasts such as in the southern
North Sea region provide excellent sources for the
documentation of geological and historical sea-level
changes.

After several predecessors such as Nilsson (1948),
the first sea-level curve to rely only on radiocarbon
ages was published by Jelgersma (1961). It became a
benchmark work not just for The Netherlands but also
adjoining areas. As in the case of the North Sea, sea-
level curves were also constructed for other parts of the
world (Pirazzoli 1991). They looked rather different
and gave rise to the highly debatable question whether
eustatic changes are best reflected by a smooth or an
oscillating curve.

The area around the North Sea offers the highest
density of sea-level data in the world. In Germany, in
particular, both the amount and the quality of data
have greatly increased in recent years. Much informa-
tion has been provided by geologists working in the
Clay District, but many new data also derive from
archaeological investigations in the coastal region. The
latter provide a good time resolution for the younger
part of the curve. Two important features of the
southeastern North Sea make this area particularly
suitable for evaluation of regional eustatic sea-level
changes. First, the southeastern margin is the most
stable one in the North Sea area with respect to
tectonics and isostatic movements and, second, the
coastline is open and without beach barriers, so it is
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particularly sensitive to sea-level changes, which are
readily registered.

The article presents a carefully evaluated body of
critically selected, available and unpublished data
resulting in a new sea-level curve. For further details
as to the data used, as well as the methods employed,
the reader is referred to Behre (2003).

The Calais—Dunkirk system

Although the appropriateness of the Calais—Dunkirk
system has been discussed by some authors (e.g.
Baeteman 1999), it is the only one that can be used
for supraregional contexts because it is based on dated
transgressive and regressive trends, and it has the only
terminology that is applicable throughout the southern
North Sea. In this contribution, the definition of these
terms used hitherto has been changed in some details
and — most importantly — regression phases have been
inserted.

The terms used in the Calais—Dunkirk system have
their origin in the Belgian—French coastal region.
Modifications of the system, which was first introduced
in 1924, have been compiled by Roeleveld (1974); see
also Baeteman (1981) and Ervynck er al. (1999).
Initially, the system was based solely on lithostrati-
graphy. In particular, Dubois (1924), Tavernier (1948)
and Tesch (1930) described the basic outline for a
stretch of coast extending from NE France through
Belgium to the SW Netherlands. At the base is the
so-called ‘basis peat’, overlain by the mainly clastic
Calais series which is separated by a peat layer
from the following Dunkirk series which is also
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Abstract A vibrocore from the sea floor of the southern
North Sea provides a ~ 1,500-year record of early Holo-
cene vegetation history and mire development in a land-
scape now 33 m below sea-level. Pollen, plant macrofossil
and geochemical analyses of an AMS "*C dated sand—peat—
marine mud sequence document the paludification on
Pleistocene sands ~ 10,700 cal BP, the subsequent devel-
opment of eutraphentic carr vegetation and the gradual
inundation by the transgressing sea ~ 9,350 cal BP. Pinus—
Corylus woodland prevailed on terrestrial grounds after
hazel had immigrated ~ 10,700 cal BP. Salix dominated
the carr vegetation throughout 1,300 years of peat forma-
tion, because Alnus did not spread in the Borkum Riffgrund
area until 9,300 BP. Brackish reed vegetation with
Phragmites established after inundation and siliciclastic
marine sediments were being deposited. This article also
examines the detection and suitability of key horizons
indicative of marine influence. XRF-Scanning provides the
most detailed results in the briefest possible time to pin-
point spectra best suitable for AMS '*C dating of classical
key horizons such as start of peat formation and trans-
gressive contact. The combined application of botanical
and geochemical methods allows determining new key
horizons indicative of marine influence, namely the earliest
marine inundation and the onset of sea-level influence on
coastal ground water level.

S. Wolters (B4) - F. Bungenstock
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Viktoriastr. 26/28, 26382 Wilhelmshaven, Germany
e-mail: wolters@nihk.de

M. Zeiler
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Introduction

An increasing interest in submerged landscapes on the
European continental shelf area, their nature and their
human occupation and exploitation (Bailey and Flemming
2008; Coles 2000; Hazell 2008; Mol et al. 2006) has cre-
ated a renewed demand for palaeoenvironmental recon-
structions of vegetation changes on sunken land areas and
along former coastlines. These reconstructions have a long
tradition and were enabled by analysis of peat deposits
originating from the floor of the North Sea (Erdtman 1925;
Whitehead and Goodchild 1909). Pollen and macrofossil
investigations of so-called moorlog, i.e. peat lumps brought
up by the trawls of fishing vessels characterized the
research on Holocene vegetation change on today’s sea bed
and its correlation to sea-level rise for more than half a
century (Godwin 1943, 1945; Jelgersma 1961). From the
end of the 1960s peat layers from marine cores have
replaced moorlog as investigation material (Behre and
Menke 1969; Oele 1969) and nowadays peat is regularly
cored from the floor of the North Sea.

However, in recent years peat has rarely been used for
the analysis of pollen or plant macrofossils in terms of
vegetation history but virtually exclusively for dating
Holocene sea-level changes (Shennan et al. 2000; Vink
et al. 2007). In fact only few palynological investigations
have been carried out to track Late Glacial and Holocene
vegetational changes and successional processes on the
today’s sea bed (Behre and Menke 1969; Behre et al. 1985;
Ludwig et al. 1979; Menke 1968; 1996) and most of them
lack precise 4C-based time control. Accordingly our
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Abstract

A comprehensive observational database of Holocene relative sea-level (RSL) index points from northwest Europe (Belgium, the
Netherlands, northwest Germany, southern North Sea) has been compiled in order to compare and reassess the data collected from the
different countries/regions and by different workers on a common time—-depth scale. RSL rise varies in magnitude and form between
these regions, revealing a complex pattern of differential crustal movement which cannot be solely attributed to tectonic activity. It
clearly contains a non-linear, glacio- and/or hydro-isostatic subsidence component, which is only small on the Belgian coastal plain but
increases significantly to a value of ca 7.5 m relative to Belgium since 8 cal. ka BP along the northwest German coast. The subsidence is at
least in part related to the Post-Glacial collapse of the so-called peripheral forebulge which developed around the Fennoscandian centre
of ice loading during the Last Glacial Maximum. The RSL data have been compared to geodynamic Earth models in order to infer the
radial viscosity structure of the Earth’s mantle underncath NW Europe (lithosphere thickness, upper- and lower-mantle viscosity), and
conversely to predict RSL in regions where we have only few observational data (e.g. in the southern North Sea). A very broad range of
Earth parameters fit the Belgian RSL data, suggesting that glacial isostatic adjustment (GIA) only had a minor effect on Belgian crustal
dynamics during and after the Last Ice Age. In contrast, a narrow range of Earth parameters define the southern North Sea region,
reflecting the greater influence of GIA on these deeper/older samples. Modelled RSL data suggest that the zone of maximum forebulge
subsidence runs in a relatively narrow, WNW-ESE trending band connecting the German federal state of Lower Saxony with the Dogger
Bank area in the southern North Sea. Identification of the effects of local-scale factors such as past changes in tidal range or tectonic
activity on the spatial and temporal variations of sea-level index points based on model-data comparisons is possible but is still
complicated by the relatively large range of Earth model parameters fitting each RSL curve, emphasising the need for more high-quality
observational data.
© 2007 Elsevier Ltd. All rights reserved.

1. Introduction

The nature and magnitude of relative sea-level (RSL)
movement (i.e. rise or fall or a sequence of events involving
both) in any particular coastal or estuarine area since the
Last Glacial Maximum (LGM) is determined mainly by
three regional-scale factors which interact with each other:

*Corresponding author. Tel.: +49 511 6432392; fax: +49 511 6433663.
E-mail address: Annemiek.Vink@bgr.de (A. Vink).
"Institute of Geodesy, University of Hannover, Schneiderberg 50, 30169
Hannover, Germany.

0277-3791/% - see front matter © 2007 Elsevier Ltd. All rights reserved.
doi:10.1016/j.quascirev.2007.07.014

(i) the climatically induced global/eustatic increase in ocean
water volume, (ii) tectonic subsidence or uplift of the crust
and (iii) the glacio- and/or hydro-isostatic adjustment of
the lithosphere in reaction to the mass redistribution
associated with spatially and temporally changing ice,
water and sediment volumes (e.g. Lambeck, 1997; Shennan
et al., 2000a; Shennan and Horton, 2002; Milne et al.,
2005). In northwest Europe, the post-glacial isostatic
component is related mainly to the rebound of Fennos-
candia and/or water and sediment loading of the North
Sea Basin. Eustatic sea-level rise is a function of time
only, whereas tectonic and isostatic subsidence/uplift are
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Datings of sea level index points in the southern North Sea used in Vink et al. 2007
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Saturday, 13.09.2014
The East Frisian Central Bog

Fuel peat cutting in Wiesmoor (Guus van Berckel)

Bog renaturation at Stapeler Moor (Felix Bittmann)

Searching for the early Neolithic at Lake Zwischenahner Meer (Svea Mahlstedt)
Sphagnum cultivation at Hankhauser Moor (Silke Kumar)

Accomodation at hotels “Tafelfreuden” and “Sprenz” in Oldenburg
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General introduction:
The East Frisian Central Bog — a fragmented archive of
natural and anthropogenic landscape development

The East Frisian Central Bog is a vast complex of raised bogs located on the ridge of the
Oldenburgisch-Ostfriesische Geest landscape in the northern part of Lower Saxony, a region
which was once extremely rich in mires. Bogs and fens covered ca. one third of the territory
of East Frisia as well as of Oldenburg, most of them being raised bogs. Despite continued
cultivation Lower Saxony still boasts 2.500 km? raised bog, representing 73.5 % of Germany’s
total bog area.

The middle part of the East Frisian Central Bog complex is occupied by three adjacent nature
reserves, namely the bogs Lengener Meer, Stapeler Moor and Spolsener Moor. Whereas
Lengener Meer represents to some extent a near-natural bog relic with a large bog pond,
Stapeler Moor shows the results of 15 year long renaturation efforts after industrial peat
cutting was stopped in 1997. Spolsener Moor in the NE of the complex was affected by
private farmers peat cutting.

Distribution of bogs (black) and fens (dotted) in northwestern Lower Saxony and the East
Frisian Central Bog
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The mires of NW Lower Saxony fall into two distinct categories, namely fens (Niedermoore)
and raised bogs (Hochmoore).

Most of the fens were initiated by the rising sea level and spread across large areas. Their
growth was sometimes interrupted by the deposition of marine or brackish clay upon them.
In the areas of greatest distance from the coast, i. e. along the Geest or Pleistocene margin,
drainage is worst. Consequently, a fen belt follows this line and is referred to as
Geestrandmoore. Fens also occur along small rivers, in many of the valleys, and in
depressions on the Geest.

Northwestern Lower Saxony has been very much the land of raised bogs which occupied
huge areas in the region. Their formation started in most places during the late Atlantic or in
the Subboreal period. The initiation of ombrotrophic mire development was mainly
triggered by changing climatic conditions at that time. It was not only, however, the effect of
the beginning of a general climatic deterioration but, in this region, also the effect of the
Flandrian transgression that had reached the position of the modern coastal area during the
Atlantic period. In many places the raised bogs are preceded by fen peat. This suggests that
the change to formation of Sphagnum peat is a clear indication of a changing water budget.
In large areas the formation of raised bogs commenced directly on the mineral soil without
an intermediate phase, i. e. the bogs replaced woodland. These raised bogs are referred to
as wurzelechte Hochmoore which is literally 'raised bog genuine to the very roots'.

The Moorprojekt of the NIhK. The oldest, average and youngest start of raised bog formation
is given in years cal. BP.
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Fuel peat cutting in Wiesmoor

Peat bogs have been the main source for fuel in the coastal area for a long time. The Clay
District and most of the Geest were almost treeless in the late Middle Ages and well into
Modern times. Thus peat was urgently needed for fuel. The thermal value of the lower black
peat is much higher than that of the overlying light-coloured peat, so that the peat diggers
dug pits to recover the dark peat and then filled the holes with the light peat which was not
used.

This unregulated peat cutting was continued until after World War Il and is still practised in
some remote areas

In the early 17 century another, more systematic way of peat cutting and subsequent
cultivation was introduced from the Netherlands: the Fehnkultur. For this method of fuel
production and cultivation, large areas of raised bogs were given to private companies. They
drained the bogs with long canals, subdivided the area and gave the plots of raised bog to
farmers as private property.

These colonists excavated the black peat, starting at the canals, and sold it in the
neighbouring towns like Emden, Bremen, etc. The excavated parts, filled up with the light
peat that remained after the cutting, were used for agriculture. Meadows and pastures as
well as fields were established on these grounds. As bog moss peat is very poor in nutrients,
the farmed soils had to be improved by the supply of suitable mineral and organic materials,
which included sand, fluvial deposits, manure and litter. These materials were transported
on the return trip of the boats which were used to export the peat. The farmers, like the bog
plots they were given to farm, were extremely poor; the only crops they could grow on these
soils were buckwheat and rye as well as some potatoes and oats. Nowadays, these so-called
Fehnsiedlungen with their long and often branched canals and corresponding rows of
farmhouses, form a characteristic part of the East Frisian landscape, their inhabitants being
employed outside agriculture, e. g. in industry, shipping etc.

Another important form of utilization of raised bogs for arable farming has been the burning
of the bog surface which came into use towards the end of the 17% century. The bogs were
drained without preceding peat cutting and the surface burned after drying. Mainly
Fagopyrum was grown, which was sown virtually into the ash.

This form of utilization could be continued for only 6 to 7 years in succession due to the
exhaustion of the soil; after this a break of 30 years was necessary before a new phase of
cultivation could be initiated. The Lengener Moor still shows distinct traces of this type of
bog exploitation.

Peat burning was practised on such a large scale that air pollution during the burning season
in May was registered in far distant places such as England and Poland. There were strong
public objections against this practice and, already in the 19" century, the 'Bremen
Association Against Bog Burning' was founded, which probably represents the first organised
ecological (green) movement. Finally, this practice was outlawed in the early years of the
20t century but by then most of the raised bogs in Niedersachsen were affected by it.
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From the last century onwards, modern techniques for the cultivation of raised bogs were
introduced, developed and promoted by the famous Moorversuchsstation Bremen. The first
was the 'mixed sand cultivation' (Sandmischkultur) that could be applied to bogs with a
depth of up to 1.20 m of peat remaining. This included large areas which, after peat cutting,
had remained as waste land. Using huge plough shares, the underlying sand was ploughed-
up and mixed with the peat thus leading to a considerable improvement of the soil.
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Another method was the German raised bog cultivation or Deutsche Hochmoorkultur that
was carried out on the virgin raised bog where no peat cutting had taken place. The areas
were drained and had to be intensely fertilized. This was done first by the application of
ordinary manure, and complemented by the growing of legumes to improve the nitrogen
content and later by applying artificial fertilizers. Sphagnum peat has turned out to be a very
suitable substratum for agricultural purposes and is valued even today, though it needs large
guantities of fertilizers to maintain its productivity.

Fuel peat cutting became an industrial extent towards the end of the 19" century. A peat
power plant was built 1908 in Wiesmoor which also burned fuel peat from the Stapeler
Moor, a more or less unused raised bog at that time. Next to electricity the peat power plant
produced heat for the numerous greenhouses in the region. It shut down in 1964. During
peak production the daily demand of fuel peat added up to c. 400 tons.

After the decline of peat production for fuel some raised bog areas have been used on a
large scale for the production of peat for gardens and for horticulture. In this case the light
peat is removed, dried and prepared for horticultural use as 'peat moss' while the black peat
is left untouched.

This industrial peat cutting is carried out in machined surfaces several km? in extent. The
exploitation of such an area takes between 15 and 30 years, after which it must by law be
cultivated or regenerated as bog.

Industrial peat exploitation at Saterland (left) and Vehnemoor (right); for comparison the
city of Oldenburg at the right border, at the left the test track near Papenburg, longest
diameter about 5 km
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Aurich-Wiesmoor Torfvertriebs GmbH

The Aurich-Wiesmoor peat sales and distribution limited company (Torfvertriebs GmbH,
AWT) is existing as an owner-operated company since 36 years. Peat exploitation takes place
with currently 10 blue-collar workers plus 4 commercial employees and 2 trainees on about
150 ha, exclusively on formerly used peat bog grassland. The majority of the resource is
exploited as milled peat (Frastorf). Only about 7% of the total volume consists of slightly
decomposed sod peat. About 100.000 m> peat are sold per year by AWT.

There is no additional processing of the peat, where required it is milled and/or sieved in
different fractions and sold as loose material to the clients. The transport is carried out by
trucks and also by river boats via a terminal in the harbour of Emden.

The classic client is the producer of high quality substrates or first-class soils for the
ambitious hobby gardener traded via specialist shops.

Also producers of mushroom substrates belong to the customers. The section of special-
purpose machine service for mires and peat completes the business activities accounting for
about 10% of the total annual turnover of 2-2.5 million EUR.

Bog renaturation at Stapeler Moor

For several years now all remaining bogs in Lower Saxony which, in general, are very limited
in extent or form only tiny parts of former large bogs, are protected by law. New permissions
for peat cutting or cultivation are not granted. In several places, regeneration measures in
former raised bogs have been undertaken by the authorities in the interests of nature
conservation — only the next generation can judge if these have been appropriate and
successful.

Today, very few and then only small remains of more or less untouched raised bogs remain.
In general they show the typical hummock-hollow morphology. It is not certain, however,
whether this morphological feature is a natural primary one, because it is best developed
when a certain amount of drying out has taken place.

Only few salient facts will be given regarding the modern vegetation of raised bogs. Under
natural conditions Sphagnum species are dominant; in the area north of Bremen, S.
imbricatum and, less frequently, S. papillosum are the main constituents of the light peat. At
the latitude of Bremen there is a sharp boundary; south of this, S. imbricatum disappears
and is replaced by Sphagna acutifolia while S. magellanicum and S. cuspidatum are present
throughout the region. Investigations of modern raised bogs indicate that there has been a
strong decline in the occurrence of S. imbricatum over recent decades.

Compared with more continental raised bogs it should be noted that the ombrotrophic bogs
in the coastal area have a slightly higher content of minerals due to the salt which is blown in
from the sea. Thus, for instance, Eriophorum angustifolium is regarded as a character species
of typical raised bog vegetation in the north-western part of the region, while, in the Harz
mountains, it indicates slight minerotrophic conditions compared with the more oligotrophic
(and purer) stands in that area.

Three other bog species should be mentioned: Erica tetralix, Narthecium ossifragum and
Myrica gale, all of them oceanic elements which are common in northern Lower Saxony but
restricted to this area and not occurring south of Hanover. They normally expand after the
bogs have been drained for some time.
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Stapeler Moor with Lengener Meer
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Spolsener Moor: Vegetation and land use history

Pollen analytical investigations were undertaken by O’ConNNELL (1986) with a view to
reconstructing vegetation and land-use history in the Neuenburg area, i. e. the Friesische
Wehde. The profile was taken from a remaining small island of peat which is surrounded
today by agricultural land reclaimed after peat cutting. At the time of maximum bog
extension, the Geest (not covered by peat) lay some 2.5 km to the east of the sampling
point.

The 368 cm long profile spans the period from late Atlantic (c. 5000 B.C.) to recent times.
The basal 50 cm consists of sand overlain by Phragmites peat. The pollen spectra from the
sand show high Pinus and Alnus values (c. 30%; all values as % A.P. excl. Corylus). Spectra
from the Phragmites peat reflect mainly local mire vegetation with alder being replaced by
birch carr which suggests a shift towards oligotrophic conditions.

With the transition to raised bog peat (pre 4000 B.C.), A.P. curves are no longer distorted by
high local pollen producers. Quercus (presumably Q. robur) is the dominant tree of the
mineral soils, Corylus is the main undershrub and Alnus is important, presumably in the
wetter areas. The edaphically more demanding trees of the so-called mixed oak forest,
namely, Ulmus (c. 4%), Fraxinus and Tilia (c. 3 and 2%, respectively) do not appear to have
responded to the more favourable local edaphic conditions provided by the Lauenburger
Ton.

The first major change in woodland composition is signalled by the rise in Fagus to over 1%
and the initiation of a continuous curve for Carpinus at 2000 B.C. This signals a limited
expansion of beech and the spread of hornbeam into the area. These two trees expand in a
stepwise fashion, first at 900 B.C. and then at A.D. 200. and with Fagus achieving maximum
representation at A.D. 800, i. e. prior to large scale Medieval woodland clearance.

Trees that show decline include Ulmus (but the EIm Decline is not well defined), Tilia and
Pinus. Lime and pine probably became extinct, the former being re-introduced for bast lime
in the Medieval period and the latter being widely planted from the earlier part of the 18™
century onwards.

In the lower part of the profile, anthropogenic indicators are poorly represented.
Occasionally Cerealia-type pollen is recorded in pre-Elm Decline levels but the significance of
these records as indicators of arable farming and hence of a Neolithic presence is open to
question. A continuous P. lanceolata curve begins above the level ascribable to the Elm
Decline. In the middle and upper parts of the profile, the following features relating to land-
use and human impact are noteworthy:

1. The decline in Tilia and the first expansion of Fagus and the spread of Carpinus (2000 B.C.)
is seen in terms of Bronze Age interference with the previously more or less undisturbed
Quercus-dominated woodlands (cf. Pteridium and Artemisia).

2. In the late Bronze Age/Early (pre-Roman) Iron Age, i.e. from 800 B.C. onwards , the
diversity and representation of anthropogenic indicators increase (cf.. Cerealia-type,
Artemisia, P. lanceolata and P. major/media) and woodland composition shifts in favour of
beech, with a substantial decline in hazel. These woodland changes take place probably in
response to anthropogenic activity.

3. A general trend towards increasing human impact is maintained until the 6" century A.D.,
when there is a noticeable decline in anthropogenic indicator curves (cf. P. lanceolata,
Pteridium and Chenopodiaceae) and Fagus and Carpinus begin the final phase of expansion.
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This is the so-called Siedlungsliicke or 'habitation gap' when, in both the coastal Marsch area
and the Geest, the population levels declined dramatically until the g century A.D. It is
noteworthy that the Cerealia curve is uninterrupted which indicates that arable farming did
not cease; the region cannot therefore be regarded as devoid of habitation.

4. In the uppermost PAZ (LEN V-5) a dramatic rise is recorded in the anthropogenic indicator
curves (cf. Secale, P. lanceolata and Fagopyrum; also the Cannabis/Humulus curve) and A.P.,
except Pinus, decline. Here the intensive cultivation of rye, which began in the Middle Ages
(c. A.D. 1000), and of buckwheat is clearly reflected in the pollen spectra.
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Searching for early Neolithic at Zwischenahner Meer

Lake Zwischenahner Meer has developed as a landfall lake and for this kind of lake it is
untypically shallow — only up to five meters. Taking into account additional 5metres of
Holocene sediments the Pleistocene seafloor lies in a depth of ten meters.

Peat layers along the shore line indicate lower water levels in earlier times. From these peat
banks very interesting finds from the period of the earliest Neolithic have been found
already in the 1950ies. Up to now we are not able to reconstruct the process of
Neolithisation for large parts of Lower Saxony, as finds from this period do not occur
regularly. That makes a small concentration of finds of this period that were found in Lake
Zwischenahner Meer even more interesting.

Since July 2014 the NIhK runs a project is evaluate the area around the lake in respect to its
richness in well preserved early Neolithic sites. Intense surveys and some smaller
excavations on the shore as well as in the shallow water areas are planned to get a first
impression of the development of the Neolithic in that region.
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Sphagnum cultivation at Hankhauser Moor

Duration period: May 2011 — September 2013 + 1 year prolongation

Project aims:

e sustainable Cultivation of Sphagnum mosses (Sphagnum as biomass)

e research into the use of Sphagnum mosses as a new agricultural crop plant

e long-term supply of the peat and humus industry with a raw material for growing media in
horticulture

Implementation:

e 2 types of cultivation fields, one with, the other without dams + 3 fields for small scale trials.

e Use of machines for removing the topsoil (excavator), spreading the Sphagnum fragments
(Snowcat) and maintenance (mower with triple tyres).

e Measurement of climate gas emissions (K. Albrecht, Universitdt Rostock).

e Monitoring of Sphagnum moss growth in length, cover and species (M. Krebs et al. Ernst
Moritz Arndt Universitat Greifswald

e Active water management to keep the water level in the fields and the ditches about 10 cm
below Sphagnum heads.

Results:

e Quick establishment of Sphagnum cover (see graph below) Species: Sph. palulustre, Sph.
papillosum, Sph. fallax,

e Sphagnum farming fields’ emission rates of climate gases are quite similar to those of mires
in natural state

e Water supply of most importance for establishment of Sphagnum species

¢ Maintenance (mowing) absolutly necessary in first years

M. Krebs EMAU Greifswald
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