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ABSTRACT. Combined palaeoecological and sedimentological analyses of a core from a kettle-hole in Vorpom-
mern (NE Germany) allow the reconstruction of the interaction between vegetation and environment during 
the Weichselian late Pleniglacial, Lateglacial, and Early Holocene. A humus-containing soil horizon (Reinberg 
horizon) occurs in the upper part of Pleniglacial sand. This humus formed in a local environment of shallow wet 
ponds and low dry mineral mounds. Water levels were generally rather low. Rising water levels at the beginning 
of the Lateglacial drowned this environment and a lake formed. The vegetation development shows a phase with 
an open regional vegetation (Oldest Dryas or earlier part of the Meiendorf), a period with prominence of Hip-
pophaë (Bølling or later part of the Meiendorf), and a subsequent second phase with a more open regional veg-
etation (Older Dryas). The sediment parameter, together with the reconstructed vegetation, point at a gradual 
shift to a more humid climate during these vegetation phases. Deposition of CaCO3 ceased during the Hippophaë 
phase. During the Lateglacial Betula/Pinus forest phase (Allerød) forests dominated the dry grounds. Soil erosion 
had largely stopped and organic sediments were deposited. A prominent pollen fl uctuation around the Laacher 
See tephra shows a minor vegetational and environmental reaction on the eruption of the Laacher See volcano. 
Silicate input by the tephra favoured diatom populations to expand and prohibited solution of dead diatoms. 
Open vegetation phase III (Younger Dryas) shows a tripartite opening-up of the regional vegetation. The vegeta-
tion was denser and soil erosion was less severe than during the early vegetation phases of the Lateglacial. At 
the transition to the Holocene, a prominent lowering of water levels caused destruction and/or removal of the 
upper Lateglacial sediments. After water levels rose again, a peatland developed in the basin.

KEY WORDS: palynology, palaeo-ecology, Weichselian late Pleniglacial, Weichselian Lateglacial, Lateglacial/Holocene transi-
tion, NE Germany

INTRODUCTION

Although currently a great number of pol-
len diagrams from NE Germany covering 
the Weichselian Lateglacial are available 
(cf. overview of Kaiser 2002, De Klerk 2002, 
2008), most of these studies focus solely on 
the reconstruction of vegetation history and 
hardly concentrate on a reconstruction of veg-
etation in relation to the development of the 

abiotic landscape. Integrated geomorphologi-
cal, palynological, diatomological, and macro-
fossil analyses were carried out in the basin 
Reinberg in Vorpommern (Figs 1, 2) in order 
to reconstruct an integrated palaeoenviron-
mental development.

The Reinberg basin was originally selected 
to investigate Lateglacial and late Holocene 
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slope erosion processes (Helbig 1999a, b, Hel-
big et al. 2002). Palynological analyses with 
a low temporal resolution were carried out in 
order to date the sediments coarsely (Helbig 
1999a). These showed a pollen record typical 
for the late Weichselian Pleniglacial (sensu van 
der Hammen 1951) in a humus layer on top 
of Pleniglacial basin sands, named “Reinberg 
horizon. (De Klerk et al. 2001). This triggered 
new integrated palaeoenvironmental research 
(De Klerk et al. 2001, in press, Helbig & De 
Klerk 2002, De Klerk 2008).

The present paper presents a reconstruc-
tion of the interaction between vegetation and 
the abiotic palaeoenvironment in and around 

the Reinberg basin during the Weichselian 
late Pleniglacial, Lateglacial, and Early 
Holocene.

STUDY AREA

The surroundings of the „Reinberg” basin 
(Figs 2, 3) show a particular pronounced relief, 
in contrast to the typical (slightly) undulat-
ing till plains of Vorpommern. The basin has 
no inlet or outlet and consists of several sub-
basins originating from the thawing of buried 
dead-ice (Janke & Janke 1970, Klafs et al. 
1973, Kalettka 1996).

Fig. 1. Location of the Reinberg basin (N Vorpommern, NE 
Germany) in relation to: 1: maximum extent of the Weichse-
lian inland ice, and: 2: maximum extent of the Mecklenbur-
gian glacial advance
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Fig. 2. Map of the Reinberg basin. Indicated are the positions 
of the lithological cross-sections (Fig. 3) and the location of 
the analysed core Reinberg C (REC)
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Fig. 3. Cross-sections A–A´ and B–B´ through several subbasins of the Reinberg study area. Indicated is the position of core 
Reinberg C (REC)
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The NW-SE cross-section A-A´ (Fig. 3) 
cuts through three sub-basins (referred to as 
northern, middle, and southern sub-basin), 
which are separated by mineral ridges. The 
SW-NE cross-section B-B´ (Fig. 3) only crosses 
the middle sub-basin. Core Reinberg C (REC) 
originates from the intersection of both cross-
sections. The middle sub-basin has a size of 
approximately 40 × 50 m and has at its base 
Pleniglacial basin sands of which the maxi-
mum depth could not be determined. In the top 
few decimetres of the sand a humus-rich fos-
sil Ah-horizon occurs, called Reinberg horizon. 
The sand is covered by (bottom to top) sand-silt 
gyttja/silt-sand gyttja, algal gyttja (with the 
Laacher See Tephra [LST] in its upper part), 
a thin layer of brownmoss peat, detritus gyt-
tja, a layer of sand-silt gyttja/silt-sand gyttja, 
and fi nally brownmoss peat and brownmoss-
Cyperaceae peat.

The slopes of the basin (Helbig 1999a, b, Hel-
big et al. 2002) – which reach up to 20–28 m a.s.l. 
– consist of pedologically modifi ed till contain-
ing (top to bottom) a brownish-weathered earth 
horizon, a clay-eluvation horizon, and a clay 
illuvation horizon. Decalcifi cation reaches up 
to 3 m depth. The slopes show clear traces of 
erosion with subsequent deposition of colluvial 
material along the basin margins.

RESEARCH METHODS

CORING METHODS

Core REC was derived with a so-called 
“Usinger corer” (Livingstone corer modifi ed by 
H. Usinger). Corings for the lithological cross-
sections (Fig. 3) were carried out with a cham-
ber corer and an open “Rammkernsonde”.

PALYNOLOGICAL INVESTIGATIONS

Palynological samples were taken volumetri-
cally and are referred to as the actual core depth 
(cm) below surface. A known amount of spores 
of Lycopodium clavatum was added to deter-
mine pollen concentrations (Stockmarr 1971).

Sample preparation (Fægri & Iversen 1989) 
included treatment with HCl, KOH, sieving 
(120 μm), treatment with HF (clastic samples 
only), and acetolysis (7 min). Counting was 
carried out with a Zeiss light microscope type 
Axioskop with 400 times magnifi cation, larger 

magnifi cations were used for the identifi ca-
tion of problematic grains. Pollen clumps were 
counted as separate palynomorphs (i.e. as one 
entity, not the individual grains forming the 
clump were counted).

Although Joosten & De Klerk (2002) and 
De Klerk & Joosten (2007) proposed to dis-
play pollen type names in scientifi c papers in 
small capitals in order to clearly distinguish 
between observed palynomorphological types 
and inferred plant taxa, on editorial request 
pollen type names are displayed in normal let-
ters in this paper. Pollen and spore types are 
identifi ed and named after (f): Fægri & Iversen 
(1989), (m): Moore et al. (1991), (p): the North-
west European Pollen Flora (Punt 1976, Punt 
& Clarke 1980, 1981, 1984, Punt & Black-
more 1991, Punt et al. 1988, 1995, 2003). This 
resulted in a heterogeneous system of pollen 
type names due to a different use of nomen-
clatural principles in the pollen morphological 
works used (cf. Joosten & De Klerk 2002, De 
Klerk & Joosten 2007). However, we decided to 
retain the pollen type names identical to those 
in the relevant pollen morphological literature 
rather than transforming all names to the pol-
len nomenclatural conventions of Birks & Birks 
(1980), since otherwise a defective link between 
observed pollen morphological types and 
renamed nomenclatural entities in the pollen 
diagram seriously confuse the scientifi c reader. 
Types not described in the mentioned identifi -
cation literature are marked with an asterisk 
(*) and commented upon in Table 1: these mor-
phological entities are named according to the 
pollen nomenclatural conventions of Birks & 
Birks (1980) and deviate, therefore, from the 
previous nomenclature used by De Klerk et 
al. (2001) and De Klerk (2002). We separate 
between Juniperus type pollen (sensu Moore et 
al. 1991) and Juniperus-without-gemmae that 
might originate from algal or bryophyte spores 
(cf. Moore 1980). Since the curves of Juniperus 
type (m) and Juniperus-without-gemmae are 
rather similar in pollen diagram REC, it can be 
assumed that in this case mainly Juniperus pol-
len without clear visible gemmae are included 
in the latter type. We present nevertheless two 
separate curves in order to illustrate this con-
clusion: otherwise, the reader can be left won-
dering whether such a relationship is actually 
correct or whether it is biased by non-pollen 
palynomorphs. Of spores of Selaginella selagi-
noides (sensu Moore et al., 1991), single grains 
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Table 1. Comments on pollen types not identifi ed after the used pollen morphological identifi cation literature

Name Description

Apiaceae undiff. All grains that show close morphological resemblance with most pollen types produced by Apiaceae 
taxa (cf. Punt & Clarke, 1984) which were not - or could not be - further identifi ed. The characteris-
tics were not systematically noted to allow for univocally morphological descriptions.

Betula/Corylus Grains which most likely belong to the Corylus avellana type (p) or one of the Betula pollen types, 
but with damages around the pore area of such degree that defi nite identifi cation was not pos-
sible.

Betula undiff. Grains which, due to folds or damages, could not be attributed to the Betula nana type (p) or the 
Betula pubescens type (p).

Betuloid type All grains that show most morphological resemblance with pollen belonging on one of the Betula 
pollen types of the Quaternary identifi cation keys, but which with certainty belong to another 
pollen type. No unambiguous morphologically descriptions were made; most likely redeposited 
pre-quaternary pollen.

Bisaccate undiff. Bisaccate grains which do not resemble the described bisaccate pollen types in Fægri and Iversen 
(1989) and Moore et al. (1991); morphological characteristics were not noted to allow for unam-
biguous description.

Botryococcus Algae, including several Botryococcus taxa, described by Jankovska  and Komarek (2002).
Cerealia undiff. Grains which, due to folds and/or damages, could not be attributed to the Avena/Triticum group 

(m) or to Secale cereale (m); grains of the Hordeum group (m) are not included in this type.
Cayrophylaceae undiff. All grains that show close morphological resemblance with most pollen types produced by Caryo-

phyllaceae taxa (cf. Punt et al., 1995) which were not – or could not be - further identifi ed. The 
characteristics were not systematically noted to allow for univocally morphological descriptions.

Coryloid type All grains which show most resemblance with Corylus avellana type (p) pollen, but which with 
certainty are of another pollen type; most likely redeposited pre-quaternary pollen, of which no 
unambiguous morphologically description were made.

Ericales undiff. All grains which show close morphological resemblance with most pollen types produced by Eri-
cales taxa (cf. Fægri & Iversen 1989, Moore et al., 1991) which were not - or could not be – further 
identifi ed. The characteristics were not systematically noted to allow for univocally morphological 
descriptions.

Fabaceae undiff. All grains that show close morphological resemblance with most pollen types produced by 
Fabaceae taxa (cf. Fægri and Iversen, 1989; Moore et al., 1991) which were not - or could not 
be - further identifi ed. The characteristics were not systematically noted to allow for univocally 
morphological descriptions.

Fern sporangia Arc-shaped, spine-like cells, incidentally incorporating numerous. Monolete spores without 
perine.

Dinofl agelate cysts Algae of Pre-Quaternary age, described by Iversen (1936) as Hystrix.
Juniperus-without-
gemmae

All grains similar to Juniperus type of Moore et al. (1991), but without clear gemmae. This type 
may represent certain algal or bryophyte spores (cf. Moore 1980). 

Liliaceae undiff. Monolete reticulate grains with some resemblance with pollen types produced by Liliaceae taxa 
(cf. Moore et al. 1991) which could not be unambiguously identifi ed.

Monolete spores without 
perine

All psilate monolete spores, of which the outer coat can be considered to have been lost.

Pediastrum boryanum 
type

Algal coenobia without holes between the independent cells; might include, identifi ed after draw-
ings presented by Jankovska and Komarek (2002), Pediastrum boryanum var. boryanum, Pedi-
astrum boryanum var. forcipatum, Pediastrum boryanum var. longicorne, Pediastrum integrum 
and Pediastrum patagonicum.

Pediastrum duplex type Algal coenobia with holes between the independent cells; might include, identifi ed after drawings 
presented by Jankovska  and Komarek (2002), Pediastrum boryanum var. cornutum, Pediastrum 
duplex var. duplex and Pediastrum duplex var. rugulosum.

Pinus undiff. Grains of the Pinus haploxylon type (f) and the Pinus diploxylon type (f) which, due to damages, 
covering debris or unfortunate positions, could not be identifi ed separately.

Plantaginaceae undiff All grains which show close morphological resemblance with most pollen types produced by Plan-
taginaceae taxa (cf. Punt & Clarke 1980) which were not - or could not be - further identifi ed. The 
characteristics were not systematically noted to allow for univocally morphological descriptions.

Potamogeton type All inaperturate reticulate grains without thick grain wall; includes Callitriche (m), Potamogeton 
subgenus Coleogeton type (m), Potamogeton subgenus Potamogeton type (m), and possibly other 
reticulate grains from which, due to damages and/or folds, no aperture could be seen and/or wall 
grain thickness could not accurately be estimated.

Rugulate Spyrogyra Morphological entity closely resembling Spyrogyra spores, e.g.  Types 130, 131 and 132 of Pals 
et al. (1980), but with a different, rugulate wall structure.

Sparganium emersum 
excl. Typha ang.

The Sparganium emersum type of Punt (1976) with a clear regular, not labyrinth-like reticulum, 
thus effectively excluding Typha angustifolia grains.

Striate Rosaceae undiff. All stiate grains with operculate endopori which were not – or could not be – further identifi ed.
Tertiary trilete spores All trilete spores which could not be identifi ed with the aid of the available keys and were there-

fore interpreted as redeposited Tertiary spores.
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(sg) and tetrads were counted separately. Non-
pollen palynomorphs (g) were identifi ed after 
van Geel (1978) and Pals et al. (1980).

Calculation and presentation of the palyno-
logical data (Figs 4, 5). is with aid of the compu-
ter programs TILIA 1.12, TILIA GRAPH 1.18, 
and TGView 1.6.2 (Grimm 1992, 2004). Pollen 
percentage values in Figure 4 are calculated 
relative to a pollen sum including only types 
that, within the Lateglacial landscape, can be 
attributed to trees and shrubs (AP) and herbs 
(NAP) growing outside the studied basin. Pol-
len types that might also originate from wetland 
herbs (e.g. wild grass group and Cyperaceae) are 
excluded from the pollen sum in Figure 4 since 
they might falsely indicate an open regional veg-
etation if that pollen stems from a wetland veg-
etation within the basin (Janssen & Ĳzermans-
Lutgerhorst 1973, De Klerk 2004a). In order to 
allow for a direct comparison with other pollen 
diagrams covering the Lateglacial calculated 
relative to an “„Iversen pollen sum” (cf. De Klerk 
2004a) that also includes pollen attributable 
to possible lake-shore and mire plants, Figure 
5 presents a selection of the most important 
types relative to an Iversen sum. Pollen types 
assumed to be of exotic origin – i.e. representing 
erosional redeposition (Iversen 1936) or extra-
regional pollen deposition (sensu Janssen 1973) 
– are also excluded from the pollen sum in both 
Figures 4 and 5. The pollen types Pinus haploxy-
lon type and Alnus are not considered as neces-
sarily exotic, since some species that produce 
these types might have grown in the Lateglacial 
landscape of NE Germany (e.g. Pinus cembra or 
Alnus viridis). An unknown portion of the other 
grains is probably also of exotic origin.

The pollen frequencies in the pollen dia-
gram (Figs 4, 5) are displayed with percentage 
values (closed curves) and a 5-times exaggera-
tion (open curves with depth bars). The sum 
histograms present the absolute fi gure of the 
pollen sum. The pollen diagram is divided into 

Site Pollen Zones (SPZ’s, cf. De Klerk 2002). 
We do not apply the frequently used term Local 
Pollen Assemblage Zone (LPAZ). First of all, 
this term might erroneously suggest that such 
zones are based on types displaying local pollen 
values (sensu Janssen 1973) whereas normally 
such zones are based on types with regional pol-
len values. Secondly, such zones are normally 
acme zones or interval zones according to the 
International stratigraphic guide (Hedberg 
1976, Salvador 1994) and are not conform to the 
defi nition of assemblage zones in this guide.

Frequencies of pollen types not displayed in 
the pollen diagram are listed on Table 2.

MACROFOSSIL ANALYSIS

Macrofossil samples of some selected levels 
(Tab. 3) were washed with water and sieved 
(meshes 1.0 and 0.50 mm). Since the aim was 
to fi nd AMS-datable macrofossils, it was not 
attempted to retrieve the smallest macrofossils 
that would hardly have provided the necessary 
mass. Macrofossils were analysed only qualita-
tively and identifi ed after Katz & Katz (1933), 
Körber-Grohne (1964), Grosse-Brauckmann 
(1972), Birks (1980), Frahm & Frey (1992), 
and Grosse-Brauckmann & Streitz (1992).

DIATOM ANALYSIS

Samples for diatom analysis were dried at 
550°C, boiled in 10% HCl and in 10% H2O2, 
and mounted in Canada balsam. Counting was 
with a light-microscope with magnifi cations up 
to 1200-times. Identifi cation, nomenclature and 
palaeoecological interpretation follow Kram-
mer & Lange-Bertalot (1986, 1988, 1991a, b) 
and Krammer (1992). The results of the diatom 
analyses are shown in Figure 6 that presents 
observations of few taxa (+: 1–2 specimens; ++: 
2–5 specimens; +++: 6 or more specimens) or 
relative values (closed curves: actual percent-
age values of total observed specimens; open 

Name Description

Tertiary type 1 Pollen type closely resembling Tertiary type 3, but with convex walls.
Tertiary type 2 Pollen type closely resembling Tertiary type 3, but with concave walls.
Tertiary type 3 Pollen type which could not be identifi ed with the aid of available quaternary pollen identifi ca-

tion keys and was therefore assumed to be a redeposited pollen type from the Tertiary. It closely 
resembles a pollen type presented by Fries and Ross (1950, Plate I, Fig. 6).

Trilete spores undiff. Trilete spores which could not be identifi ed with the available identifi cation literature, of which 
morphological characteristics were not noted.

Zygnemataceae undiff. Spores similar to Type 314 and the complex of Type 313 of van Geel et al. (1981) which were not 
further identifi ed.

Table 1. Continued
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Table 2. Frequencies of pollen types not displayed in the pollen diagram (pollen type; sample in cm, depth; percentage)

Pollen type: Sample in cm depth; (percentage)

AP: Betula pubescens type (p) clumps: 145(0.3) Betula/Corylus (*): 278(0.5) cf. Hippophaë rhamnoides (m): 291(0.5) 
265(0.3)262(0.3) 222(0.2) 206(0.2) cf. Juniperus type (*) clumps: 276(0.8) Pinus diploxylon type (f) clumps: 275(0.5)

NAP: Aethusa cynapium type (p): 255(0.3) Armeria maritima type A/ Limonium vulgare type A (m): 278(0.5) 274(0.6) 
226(0.3) Anagallis arvensis type (p): 155(0.2) Anthriscus sylvestris type (p): 291(0.5) 240(0.3) 193(0.7) 192(0.3) 189(0.2) Arbutus 
unedo (m): 232(0.3) Arctostaphylos uva-ursi (m): 165(0.3) Arenaria montana (p): 165(0.3) 135(0.3) cf. Artemisia (m): 292(0.5) 
246(0.3) 125(0.3) Astragalus alpinus (m): 275(1.4) 268(0.6) Astragalus danicus type (m): 269(0.7) 262(0.3) 234(0.3) 220(0.2) 
184(0.2) Avena-Tritcum group (m): 130(0.3) Botrychium lunaria type (m): 283(0.5) 267(0.4) 242(0.3) 145(0.3) Bupleurum fal-
catum group (p): 234(0.3) cf. Buxus (m): 274(0.6) Carum carvi type (p): 204(0.5) 192(0.3) Centaurea cyanus type (m): 259(0.4) 
120(0.6) Cerealia undiff. (*): 90(0.3) Circaea (m): 208(0.2) cf. Cornus mas type (p): 224(0.3) Crithmum maritimum type (p): 
262(0.3) Dianthus superbus type (p): 214(0.2) cf. Digitalis purpurea type (m): 276(0.8) Diphasiastrum type (m): 271(0.6) Ephe-
dra distachya type (m): 282(0.5) Ephedra fragilis type (m): 282(0.5) 216(0.2) Falcaria vulgaris type (p): 145(0.3) cf. Fumana 
type (m): 291(0.5) Glaucium fl avum type (p): 255(0.3) Heracleum sphondyllium type (p): 269(0.7) cf. Heracleum sphondyllium 
type (p): 295(0.3) Jasione type (m): 184(0.2) 175(0.2) Levisticum offi cinale type (p): 200(0.2) Lonicera periclymenum type 
(p): 277(0.5) Lycopodium annotinum type (m): 263(0.5) 262(0.3) 261(0.4) Lycopodium clavatum type (p): 230(0.3) Onobrychis 
type (m): 240(0.3) 236(0.3) cf. Onobrychis type (m): 267(0.4) Ononis type (m): 266(0.3) 264(0.4) 260(0.4) 150(0.2) Pimpinella 
anisum type (p): 224(0.3) Pimpinella major type (p): 232(0.3) 212(0.2) 130(0.3) 120(0.3) Plantaginaceae undiff. (*): 293(2.7) 
289(1.1) 288(0.7) 286(1.0) 282(0.5) 105(0.3) 278(0.5) 265(0.6) 258(0.3) 250(0.3) 218(0.4) Plantago coronopus type (p): 278(0.5) 
265(0.6) 258(0.3) 250(0.3) 218(0.4) Plantago lanceolata type (p): 270(0.5) Plantago major/media type (p): 260(0.7) 208(0.2) 
Plantago maritima type (p): 288(0.7) 276(0.8) 256(0.4) 236(0.3) 214(0.2) 208(0.2) 200(0.2) 135(0.3) cf. Plantago maritima type 
(p): 281(0.6) Plantago tenuifl ora type (p): 230(0.3) Polygonum aviculare type (p): 283(1.1) 258(0.3) Polypodium vulgare type (m): 
255(0.3) 244(0.2) 224(0.3) cf. Polypodium vulgare type (m): 222(0.2) cf. Polystichum type (m): 224(0.3) Pteridium aquilinum 
type (m): 261(0.4) 234(0.3) Sanguisorba minor (f): 277(0.5) 259(0.4) 254(0.5) 253(0.6) 244(0.2) 226(0.3) 224(0.3) cf. Sanguisorba 
minor (f): 293(0.7) 282(0.5) 277(0.2) 255(0.3) 251(0.7) 246(0.6) 238(0.3) 234(0.3) cf. Seseli libanotis type (p): 277(0.5) Silene 
dioica type (p): 206(0.2) 155(0.2) 130(0.3) Sison amomum type (p): 264(0.4) Trinia glauca type (p): 218(0.4) 175(0.2) Urtica 
dioica type (p): 292(0.5) 274(0.6) 251(0.3) 232(0.3) 230(0.3) 160(0.3) 155(0.3) 120(0.3)

ASSUMED EXOTIC TYPES: Abies (m): 284(0.5) 278(0.5) 269(0.7) 268(0.6) Acer campestre type (p): 273(0.7) 264(0.4) 
256(0.4) 244(0.2) 160(0.3) cf. Acer campestre type (p): 283(0.3) 228(0.3) Betuloid type (*): 292(0.5) 291(0.5) 281(0.6) 278(1.5) 
277(0.5) 261(0.4) 258(0.3) 257(0.5) 250(0.3) 246(0.6) 230(0.3) 248(0.3) 226(0.6) 155(0.2) 140(0.3) Bisaccate undiff. (*): 224(0.3)  
95(0.2) cf. Carya cordiformis type (p): 261(0.4)  222(0.5)  115(0.4) Cedrus (f): 208(0.2) Coryloid type (*) clumps: 278(0.5) cf. 
Fagus sylvatica type (p): 292(0.5) 278(0.5) 234(0.3) 130(0.3) 90(0.3) Frangula alnus (m): 262(0.3) cf. Ilex type (m): 224(0.3) 
Juglans regia type (p): 274(0.6) cf. Liquidambar styracifl ua (m): 246(0.3) Myrica (m): 196(0.2) Nyssa (m): 275(0.5) 252(0.7) 
242(0.3) 222(0.2) 182(0.3) 115(0.4) cf. Nyssa (m): 259(0.4) 258(0.3) 248(0.7) 222(0.2) 105(0.3) Pterocarya fraxinifolia type (p): 
264(0.4) 263(0.5) 258(0.3) 256(0.4) 254(0.5) 253(0.3) 228(0.3) cf. Pterocarya fraxinifolia type (p): 257(0.2) 234(0.3) 230(0.3) 
226(0.6) 175(0.2) cf. Rhus typhina (m): 290(1.4) 279(0.5) 278(1.0) 253(0.3) 234(0.3) Ribes rubrum type (m): 254(0.5) 224(0.3) cf. 
Ribes rubrum type (m): 271(1.2) cf. Sambucus nigra type (p): 253(0.3) Sorbus (f): 244(0.2) Tertiary type 2 (*): 270(0.5) 246(0.3) 
Viscum (m): 276(0.8) cf. Viscum (m): 280(0.6)

POLLEN TYPES EXCLUDED FROM THE SUM: Anagallis tenella/minima (p): 271(0.6) Angelica palustris type (p): 
188(0.2) Anthemis type (m) clumps: 274(1.7) cf. Apiaceae undiff. (*): 251(0.3) Apium inundatum type (p): 218(0.4) 182(0.6) 
Caltha palustris type (p): 260(0.4) cf. Caltha palustris type (p): 271(0.6) Carum verticillatum type (p): 253(0.3) Chaerophyllum 
bulbosum type (p): 264(0.4) cf. Chaerophyllum hirsutum (p): 110(0.4) Chaerophyllum temulentum type (p): 175(0.2) Chamaene-
rion angustifolium type (m): 204(0.5) 202(0.3) 192(0.2) 160(0.3) 155(0.5) Cicuta virosa type (p): 296(0.4) 238(0.3) 236(0.3) 
208(0.2) 200(0.7) 182(0.3) 145(0.3) 125(0.3) Cirsium/Serratula type (m): 264(0.4) 216(0.2) 213(0.3) 212(0.2) 200(0.2) 175(0.2) 
170(0.5) 150(0.2) cf. Dryopteris fi lix-mas/ D. cristata type (m): 236(0.3) cf. Euphorbia (m): 276(0.8) 234(0.3) cf. Fabaceae undiff. 
(*): 293(0.7) 287(0.8) 284(0.9) 282(0.5) 279(0.5) 267(0.4) 265(1.6) 248(1.4) cf. Filipendula (m): 286(2.2) 281(0.6) 259(0.4) 253(0.3) 
238(0.3) 120(0.3) Geum (m): 230(0.3) 228(0.3) 191(0.5)  Hornungia type (m): 262(0.3) cf. Hornungia type (m): 281(0.6) cf. Lotus 
type (m):270(0.5) 260(0.4) Melampyrum type (m): 277(0.5) Mentha type (m): 259(0.4) 120(0.3) cf. Mentha type (m): 263(0.5) 
238(0.3) cf. Menyanthes trifoliata type (p): 281(0.6) 267(0.4) 238(0.5) 90(0.3) Moehringia trinervia group (p): 110(0.4) Myrio-
phyllum verticillatum type (p): 95(0.2) 90(0.3) Narthecium/Fritillaria/Scilla type (m): 165(0.3) cf. Nymphaea alba type (p): 
265(0.3) 246(0.3) Oenanthe fi stulosa type (p): 276(0.8) 202(0.3) 196(0.2) 160(1.7) 145(0.3) 115(0.4) Parnassia palustris type (m): 
272(1.3) 262(0.3) 244(0.2) 228(0.3) Peucedanum palustre type (p): 261(0.4) 191(0.2) 165(0.3) 105(0.6) Pinguicula (m): 175(0.2) 
Polemonium (m): 240(0.3) cf. Potentilla type (m): 252(0.7) 244(0.7) 145(1.4) 140(0.8) cf. Ranunculus acris type (p): 283(0.5) 
100(0.5) Rumex acetosa group (p): 265(0.3) 254(1.0) 252(0.4) 220(0.2) 214(0.2) 170(0.2) Rumex acetosa type (p): 287(0.8) 262(0.3) 
200(0.2) 165(0.3) 160(0.3) Rumex conglomeratus group (p): 240(0.3) Sagina apetella group (p): 255(0.3) Sagina procumbens type 
(p): 200(0.2) cf. Saxifraga oppositifolia type (p): 272(0.7) Saxifraga stellaris type (p): 230(0.3) 226(0.3) 175(0.5) cf. Saxifraga stel-
laris type (p): 277(0.5) 262(0.3) 234(0.7) 224(0.3) cf. Scrophularia type (m): 260(0.4) cf. Scutellaria type (m): 278(1.0) cf. Sedum 
type (m): 274(0.6) 232(0.3) 224(0.3) cf. Selaginella selaginoides (m) sg.: 226(0.3) Selaginella selaginoides (m) tetrads: 250(0.6) 
224(0.3) Silaum silaus type (p): 204(0.5) cf. Sinapis type (m): 267(0.4) 259(0.4) 238(0.3) 232(0.3) 216(0.7) Sium latifolium type 
(p): 256(0.4) 255(0.3) 240(0.3) Solanum dulcamare type (p): 150(0.2) cf. Solanum dulcamare type (p): 269(0.7) Sparganium 
emersum type (p): 293(0.7) 261(0.4) 155(0.2) Sparganium erectum type (p):282(0.5) 261(0.4) 258(0.3) 257(0.2) 242(0.3) Striate 
Rosaceae undiff. (*): 278(0.5) 258(0.3) 255(0.3) 226(0.3) 190(0.3) 100(0.3) cf. Trifolium type (m): 269(0.7) Typha angustifolia (p): 
290(0.7) 270(0.5) 226(0.3) 200(0.2) 194(0.2) Utricularia (m): 192(0.3) 90(0.3) cf. Valeriana dioica type (p): 214(0.2)

NON-POLLEN PALYNOMORPHS: Amphitrema fl avum (Type 31) (g): 268(0.6) Entophlyctis lobata (Type 13) (g): 175(0.2) 
Fern sporangia (*): 292(0.5) 244(0.2) Mougeotia (Type 133-136) (g): 260(0.4) 248(0.4) 212(0.2) 194(0.2) 190(0.5) 182(0.3) 170(0.2) 
95(1.1) Neurospora (Type 55C) (g): 232(0.3) 198(0.2) Reticulate Spyrogyra (Type 132) (g): 220(0.2) 214(0.2) 182(0.3) 175(0.2) 
Rugulate Spyrogyra (*): 281(0.6) 277(1.1) 265(0.3) 257(0.2) Type 8E (g): 226(0.3) 213(0.3) 145(0.3) Zygnemataceae undiff. (*): 
191(0.2)

INDET: Indet. clumps: 278(0.5) 274(0.6) 251(0.7)
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Fig. 5. Pollen percentage diagram “Reinberg C”, calculated relative to an “Iversen” pollen sum

Table 3. Macrofossils of selected levels of core Reinberg C

Depth range (cm) Macrofossils

104–101 Betula pubescens nuts, leaves and bud/fruit scales; fragments of Pinus seeds; Carex nuts; Nymphaea 
seeds; Potamogeton leaf fragments; leaves of the “wet variety” of Drepanocladus

186–180 moss remains (mainly Calliergon giganteum)
218–216 Chara-oospores; stem fragments; charcoal particles; waterfl ea eggs
236–234 wood fragments; charcoal particles
259–256 Potamogeton leaves; remains of Chara and/or Nitella; moss fragments (a.o. Drepanocladus); insect frag-

ments; few charcoal particles
293–271 Juncus seeds; cf. Batrachium fruits; Poaceae fruits; indeterminable seeds; indeterminable calyx; tissue 

fragments; root fragments; wood fragments; charcoal particles
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curves: 5-times exaggeration). The sponge 
needles include needles of Spongilla lacustris 
and/or S. fragilis, and less prominent Trochos-
pongilla horrida type. These were not counted 
separately because insuffi cient diatoms were 
found that could provide a reliable calculation 
basis (number of sponge needles per 100 dia-
toms). The column “Humine acid discolouring” 
displays the amount of silicate grains and dia-
toms that have been discoloured by dissolved 
humine acids. The column “black spots” indi-
cates the observation of black spots among the 
clastic material, which are connected to humus 
formation. In order to allow an interpretation 
in terms of vegetation phases, the pollen zones 
of Figure 4 are incorporated in the diatom dia-
gram.

SEDIMENT DESCRIPTION AND ANALYSIS

Field characterization of the sediments 
(Fig. 3) is after AG Boden (2005) using approx-
imate English equivalents. Under gyttja, also 
sediments with less than 5% organic content 
were included since it is impossible to differ-
entiate in the fi eld between sediments with 
more and with less than 5% organic content 
(cf. Succow 1988). In core REC, a differentia-
tion was made between sand-silt gyttja (con-
taining more silt than sand) and silt-sand gyt-
tja (containing more sand than silt).

Grain size frequencies (Fig. 7) were deter-
mined with the „Analysette A22” apparatus 
(cf. Fritsch GmbH 1994). Mean, standard devi-
ation, and skewness of the grain size frequen-
cies were calculated after Marsal (1979).

Total carbon content and inorganic car-
bon content were determined with the Eltra 

metalyt CS 500 apparatus (cf. Birkelbach & 
Ohls 1995). CaCO3 content was calculated by 
multiplying the inorganic carbon content with 
8.33 (recalculated after Blume et al. 2000). 
Loss-on-ignition was determined by heating 
air-dry samples at 105°C for one hour and 
subsequent glowing at 550 °C. Furthermore, 
bulk density, dry weight, and weight per fresh 
volume were determined or calculated.

Sedimentation and accumulation rates 
are based on the calendar year chronology as 
discussed below (Tab. 4). Netto sedimenta-
tion rates (Tab. 5) are expressed as sediment 
thickness (mm) per year. Accumulation rates 
(presented in kg dry weight cm–2 a–1) were sub-
sequently calculated as sedimentation rate * 
dry weight per wet volume (cf. Dearing 1986), 
allowing to express accumulation rates inde-
pendent of water content.

In order to allow an interpretation in terms 
of vegetation phases, the pollen zones of Fig-
ure 4 are incorporated in Figure 7.

GEOCHRONOLOGY

The data is interpreted in terms of the “veg-
etation phases of Vorpommern” (De Klerk 2002, 
2008) that were introduced to avoid a widespread 
confusion in stratigraphic and geochronologic 
terminology of the Weichselian Lateglacial (e.g. 
Usinger 1985, 1998, Hoek 1997, Björck et al. 
1998, Kaiser et al. 1999, Litt & Stebich 1999, 
Eriksen 2002, De Klerk 2004a, Terberger et al. 
2004). The plant names in these geochronologi-
cal vegetation phases are not in italics, to con-
form to the general stratigraphic practice (cf. 
the plant name Dryas in the geochronological 

Table 4. Tentative duration in radiocarbon years and calendar years of the vegetation phases of Vorpommern, after De Klerk 
(2002, 2008)

SPZ
Vegetation phases of Tentative range Tentative range in 

Vorpommern in 14C years B.P. calendar years B.P.

REC-G
Early Holocene <10 000–? <11 600–?

Betula/Pinus forest phase
REC-F3 Open vegetation phase III 11 000– >10 000 12 700–>11 600
REC-F2
REC-F1
REC-E4 Lateglacial Betula(/Pinus) 11 800–11 000 13 650–12 700
REC-E3 forest phase
REC-E2
REC-E1 11 900–11 800 13 750–13 650
REC-D Open vegetation phase II 12 000–11900 13 800–13 750
REC-C Hippophaë phase 12 450–12 000 14 450–13 800
REC-B Open vegetation phase I 12 900–12 450 15 350–14 450
REC-A Late Pleniglacial ? – 12 900 ? – 15 350



310 

term Younger Dryas). For readers not familiar 
with these vegetation phases, additionally the 
more traditional terminology is provided, how-
ever with suffi cient care due to a great variety 
of connected scientifi c problems (cf. De Klerk 
2004a). For a complete overview of the correla-
tion of the vegetation phases of Vorpommern 
with traditional stratigraphical and geochrono-
logical divisions of the Weichselian Lateglacial 
see De Klerk (2002, p. 297, 2004b, p. 32) and 
Terberger et al. (2004, p. 140).

It was not possible to obtain an independent 
radiocarbon chronology for core REC because 
AMS-dated samples showed a contamination 
from previous 14C-tracer experiments in the 
rooms where the samples were prepared (De 
Klerk et al. 2001). Since probably the com-
plete core is contaminated, the dating of new 
samples would only have been possible by 
retrieving a new core and preparing a new pol-
len diagram, for which insuffi cient time and 
funds were available. The chronology used in 
the present study (Tab. 4), therefore, is the 
(partly hypothetical) radiocarbon year chro-
nology of De Klerk (2002, 2008) based on own 
dates, and on a correlation with well-dated 
pollen diagrams from northern Vorpommern 
(Erdtmann 2002) and north-western Poland 
(Latałowa 1999).

A calibration of this radiocarbon chronology 
into calendar years was not performed because 
calibrations are still problematic, especially for 
the early Lateglacial (De Klerk 2004a, 2008, 
Reimer et al. 2004). Therefore, a calendar year 
chronology (Tab. 4) was based on a comparison 
with palynological studies of annually lami-
nated sections from eastern Poland (Ralska-
Jasiewiczowa et al. 1995, revised by Goslar 
et al. 1999), northwestern Germany (Merkt 
& Müller 1999), and the Eifel region in west-
ern Germany (Stebich 1999, Litt & Stebich 
1999). The signifi cance of the various dates is 
debated in the discussion below.

DEVELOPMENT OF VEGETATION 
AND ENVIRONMENT AROUND THE 

REINBERG BASIN DURING THE 
WEICHSELIAN LATE PLENIGLACIAL, 

LATEGLACIAL AND EARLY HOLOCENE

SOME REMARKS ON THE OBSERVED DIATOMS

In oligotrophic water, which will have fi lled 
the Reinberg basin during the Weichselian 
Lateglacial, dissolved SiO2 is rare. This not 
only limits the expansion of diatoms, but also 
favours the dissolution of the SiO2-shales of 
dead diatoms and thus hampers the preserva-
tion of fossil populations (Harwood 1999). Due 
to these processes, diatoms in core Reinberg C 
are extremely rare. In the previous interpreta-
tion of De Klerk et al. (2001) identifi cation of 
small diatom-fragments and diatom communi-
ties was made at a detailed level which is not 
justifi ed by the actual scarce observations.

LATE PLENIGLACIAL (SPZ REC-A)

The basin sands that cover the basal tills 
show locally more or less horizontally posi-
tioned laminae ranging from a few mm to sev-
eral cm in thickness. These are characterized 
by an alternation of fi ner and coarser material. 
This indicates that the sand was deposited in 
water. Since the sand reaches up to 15.5 m 
a.s.l. and possibly even higher (Fig. 3), water 
tables during the late Pleniglacial must at 
least have reached these heights.

SPZ REC-A (Fig. 4) is characterized by 
high relative values of Pinus haploxylon type, 
Pinus diploxylon type, and Pinus undiff., and 
low relative values of almost all other types, 
although some peaks occur in Cerastium fonta-
num group, Armeria maritima type A, Armeria 
maritima type B, Anthemis type, Lactuceae, 
Wild grass group, and Cyperaceae. This zone 
corresponds to the Reinberg horizon.

Table 5. Tentative sediment accumulation rates of core Reinberg C. For information on calculation: see text

Vegetation phases of Vor-
pommern

Tentative calen-
dar age ranges

Tentative 
duration
(cal yr)

Sediment 
thickness 

(mm)

Netto sedi-
mentation 

rate 
(mm/cal. yr.)

Dry weight/
wet volume 

(g/cm3)

Accumulation 
rate (kg/m2/

cal. yr.)

Open vegetation phase III 12 700–11 600 1100 830 0.75 0.74 0.55
Lateglacial Betula/Pinus 
forest phase 13 750–12 700 1050 315 0.3 0.37 0.11

Open vegetation phase II 13 800–13 750 50 180 3.6 1.36 4.9
Hippophaë phase 14 450–13 800 650 225 0.36 1.38 0.5
Open vegetation phase I 15 350–14 450 950 130 0.14 1.35 0.19
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Van der Hammen (1951, cf. van Geel et al. 
1989, Hoek 1997) defi ned the beginning of the 
Lateglacial on a rise in Artemisia pollen that 
is considered to be synchronous over large dis-
tances. Since Artemisia pollen has only low 
values in SPZ REC-A, this zone is correlated 
with the late Pleniglacial.

Due to a high input of exotic pollen, it is 
extremely diffi cult to reconstruct the regional 
vegetation: single grains or low continuous 
values of pollen types do not provide any 
palaeoecological information due to their 
uncertain sources. Only clear peaks of (extra) 
local pollen deposition values (sensu Janssen 
1973) indicate (extra) local presence of plant 
taxa. From such peaks, alternating presence 
around the core location of grasses, sedges, and 
producers of the Cerastium fontanum group, 
Armeria maritima type A, Armeria maritima 
type B, Anthemis type, and Lactuceae can be 
concluded. Macrofossils (Tab. 3) also prove 
presence of Juncus, Batrachium and Poaceae. 
Although the NAP curve calculated relative 
to an “„Iversen pollen sum” (Fig. 5) indicates 
a gradual opening-up of the regional vegeta-
tion, this is only a mathematical bias of this 
pollen sum (including types with (extra)local 
values, e,g. attributable to Cyperaceae and 
Poaceae) and not an actual phenomenon.

A comparison of the pollen and macrofossil 
content of several short sections from the Rein-
berg horizon enabled De Klerk et al. (2001) to 
identify several other plant taxa in the mid-
dle sub-basin at the end of the Pleniglacial. 
They reconstructed an environment consist-
ing of shallow wet ponds and low dry mineral 
mounds during a phase in which water levels 
were generally rather low. Water tables that 
previously were high, therefore, must have 
fallen considerably towards the end of the late 
Pleniglacial. The black spots observed in dia-
tom samples 272 and 271 – interpreted to rep-
resent soil formation in a mainly dry environ-
ment – support this reconstruction.

The diatom spectrum in sample 288 indi-
cates that shallow water within the middle sub-
basin was dystrophic/oligotrophic with slight 
acid to neutral pH values and low electric con-
ductivity (cf. the ecological requirements of the 
peaking taxa as given by Krammer and Lange-
Bertalot 1986, 1988, 1991a, b).

OPEN VEGETATION PHASE I (SPZ REC-B) – 
OLDEST DRYAS OR EARLIER PART OF THE 

MEIENDORF

Zone REC-B (Fig. 4) shows higher relative 
values of Artemisia and Betula pubescens type 
and lower relative values of Pinus diploxylon 
type and Pinus haploxylon type pollen than 
in the underlying zone. Values of Salix, Hip-
pophaë rhamnoides and Juniperus type/Junipe-
rus-without-gemmae are also slightly higher.

The date of 15 350 calendar years B.P. for 
the beginning of the Lateglacial (Tab. 4) is 
unreliable, because no annually laminated sec-
tions reach down to this event, although Ste-
bich (1999) and Litt and Stebich (1999) claim 
this for their data. However, they base their 
defi nition of the beginning of the Lateglacial 
not on a rise in Artemisia pollen values as is 
normally done in palynological studies (van der 
Hammen 1951, Iversen 1954, Menke 1968, van 
Geel et al. 1989, Hoek 1997, De Klerk 2008). On 
the contrary, the high values of Artemisia pol-
len at the base of the diagram of Stebich (1999) 
and Litt & Stebich (1999) suggest that this dia-
gram does not cover the end of the Weichselian 
Pleniglacial, but starts in the early Lateglacial. 
Our estimation of 15 350 calendar years B.P. is 
the rounded mean of the outcome of various cal-
ibration programs (De Klerk unpublished data) 
and must be used considered with great care.

The transition from the Pleniglacial to the 
Lateglacial relates probably to a rise in tem-
perature, of which the extent is still uncer-
tain. Coleoptera data from several European 
localities suggest a rapid warming around 
13 000/12 900 14C years B.P. (e.g. Coope 1986, 
Atkinson et al. 1987, Bohncke et al. 1987, van 
Geel et al. 1989). Stable oxygen isotope data 
from the European mainland, however, indi-
cate a major temperature rise somewhat later 
around 12 600/12 500/12 450 14C years B.P. (cf. 
Lotter et al. 1992, Ammann et al. 1994, Ham-
marlund & Lemdahl 1994, Hoek et al. 1999). 
Oxygen isotope data from the Greenland ice 
cores date a major warming around 14 700 cal-
endar years B.P. (Stuiver et al. 1995, Björck 
et al. 1998) that is generally correlated with 
the temperature rise of 12 900 14C-years B.P. 
(cf. Björck et al. 1998, Lowe et al. 1999, Mayle 
et al. 1999). However, a date of 14 700 ice-core 
years B.P. corresponds to a radiocarbon age of 
ca. 12 400 14C years B.P. (interpolated from 
data provided by Jöris & Weninger 1998, cf. 
De Klerk 2004a). The rise in temperature at 
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the beginning of Open vegetation phase I in 
the region of NE Germany that triggered the 
expansion of Artemisia species might only 
have been a minor temperature increase or an 
extension of duration of summer warm periods 
(cf. De Klerk 2008).

The sediment at the base of SPZ REC-B 
changes from sand to gyttja. This shows that – 
compared to the late Pleniglacial – water levels 
had risen. The relation between this water level 
rise and the rising temperatures is still unclear. 
A possible cause is a change in the water stor-
age of the soils (e.g. groundwater levels had 
gradually risen above the basin fl oor).

Figure 4 and Table 2 show many pollen types 
attributable to open vegetation types such as 
Artemisia, Helianthemum, Ericales, Chenopo-
diaceae, Dryas, and members of the Plantagi-
naceae family. This indicates the presence of 
predominantly herbaceous vegetation types in 
the regional vegetation surrounding the Rein-
berg basin. The presence of Salix, Juniperus, 
and probably Populus is indicated by the rel-
evant pollen types produced by these taxa. That 
nevertheless high AP pollen frequencies occur is 
mainly due to long-distance transport of Pinus 
pollen, which generally dominates pollen depo-
sition in open landscapes due to good pollen dis-
persal of pine (cf. van Leeuwaarden & Janssen 
1987). Although AP pollen values are lower cal-
culated relative to an „Iversen pollen sum (Fig. 
5), also here considerable values of pine pollen 
occur. It is possible that pine was incidentally 
present in the regional vegetation of northern 
Germany during the early Lateglacial (Usinger 
1998). From a large peak of Betula pubescens 
type pollen in a short section of the Reinberg 
horizon, De Klerk et al. (2001) concluded that 
also incidental birch trees were present in the 
Reinberg area. Although this might have been 
the case (cf. Kullman 2002), the recent discov-
ery that Betula nana shrubs in NE Siberia pro-
duce pollen of both the Betula nana type and 
the Betula pubescens type (De Klerk et al. in 
press) places some doubts to such an unambigu-
ous inference. This example illustrates clearly, 
why a strict separation between observed pol-
len morphological types and inferred plant taxa 
is crucial in palynology since an unambiguous 
relation between pollen types and inferred plant 
taxa might be defective (Joosten & De Klerk 
2002, De Klerk & Joosten 2007). Hippophaë 
rhamnoides pollen occurs almost continuously 
in SPZ REC-B with low values, showing that 

also sea-buckthorn was regionally present. In 
general, the regional vegetation can be expected 
to have been rather sparse, but will have been 
denser than during the late Pleniglacial.

The sediment data (Fig. 7) show strong fl uc-
tuations in the 630–1000 μm grain size and the 
medium sand grain-size curves, indicating inci-
dental input of coarse material. The strong fl uc-
tuations in both mediate grain size and stand-
ard deviation demonstrate that sedimentation 
was rather irregular. The skewness, however, 
indicates a gradual fi ning-upward tendency.

This observation – together with the recon-
structed open regional vegetation – indicates 
the persistence of a dry continental climate with 
only little precipitation, due to which relatively 
fi ne-grained sediments were washed into the 
basin (compared to later vegetation phases): due 
to the open character of the regional vegetation, 
precipitation directly affected the soils, and ero-
sion and subsequent sedimentation were conse-
quently extremely irregular. The fi ning-upward 
tendency, however, points to a reduction of 
extreme erosion events and/or to an increasing 
protection by the vegetation towards the end of 
Open vegetation phase I.

Low amounts of Botryococcus and Pedia-
strum boryanum indicate that these algae 
inhabited the open water. Botryococcus had 
a short-lasting optimum at the beginning of 
Open vegetation phase I. The presence of Pota-
mogeton and/or Callitriche can be inferred from 
the values of Potamogeton type.

The pollen diagram does not allow the recon-
struction of a lake-shore vegetation. Silicate 
grains in the diatom samples that were discol-
oured by dissolved humine acids, however, are 
a strong indication that plants (producing the 
humine acid) were present in the basin. Sub-
stantial values of Cyperaceae pollen indicate 
that such lake-shore vegetation types may have 
included sedges, although from the values in 
Figures 4 and 5 it may also be possible that only 
pollen sources within the regional vegetation 
outside the basin are recorded. The low loss-on-
ignition and Corg-values indicate low primary 
production (Fig. 7).

The CaCO3-content of the sediments 
increases sharply at the base of SPZ REC-B 
and demonstrates an increase of lime precipi-
tation at the beginning of the Lateglacial. On 
the one hand, the increased temperatures will 
have stimulated an increased precipitation of 
CaCO3 in the basin (Chrobok 1986). On the 
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other hand, two opposing processes worked in 
the dry soils surrounding the basin: increased 
biological activity as consequence of the slightly 
denser vegetation will have increased CaCO3-
solution in the soils, but the higher tempera-
tures will also have caused CaCO3-solution to 
decrease (Kuntze et al. 1994). The net effect 
of these opposite processes cannot be esti-
mated. Since CaCO3-values in core REC have 
increased, the enlarged CaCO3 precipitation in 
the basin due to the higher temperatures must 
have had the largest impact.

HIPPOPHAË PHASE (SPZ REC-C) – BØLLING OR 
LATER PART OF THE MEIENDORF)

SPZ REC-C is distinguished on its relative 
high values of Hippophaë rhamnoides pollen 
(Fig. 4).

Within the open regional vegetation Hip-
pophaë shrubs expanded that - unhindered by 
shadowcasting trees – will have formed large 
dense stands (cf. De Klerk 2002, 2008). Since 
sea-buckthorn needs relatively high summer 
temperatures to fl ower (Kolstrup 1979, 1980), 
the increase in its pollen is probably the result 
of a further rise in summer temperatures. 
Increasing temperatures around 12 600–12 450 
14C years B.P. have been demonstrated at many 
European localities. The rise of Hippophaë 
rhamnoides pollen values can be assumed to 
be synchronous over large distances since Hip-
pophaë seeds are distributed by birds (Gillham 
1970) and thus, sea-buckthorn most likely 
was present all over Europe since the begin-
ning of the Lateglacial: a climatically-induced 
increase in values of Hippophaë rhamnoides 
pollen will have been synchronous over large 
distances. We use in Table 4 an age of 14 450 
calendar years B.P., following the rise in Hip-
pophaë rhamnoides in the diagram of Stebich 
(1999) and Litt & Stebich (1999) – although 
they originally erroneously dated this as the 
beginning of the Lateglacial.

 It is unlikely that the expansion of sea-
buckthorn needed a special threshold of soil 
development (cf. van Geel 1996), since it is able 
to grow on very poor soils (Pearson & Rogers 
1962). In its ability to fi x nitrogen (Pearson & 
Rogers 1962) it is an important plant for the 
production of nutrients and the consequent 
enrichment of the soils.

The relatively high NAP values in SPZ 
REC-C indicate that the vegetation remained 
predominantly open: minor peaks of the 

relevant pollen types indicate an expansion 
of Helianthemum and Salix at the end of the 
Hippophaë phase. The gradual rise of Betula 
pubescens type values might indicate that also 
tree birches expanded slightly: most likely only 
incidental specimens were present, since other-
wise Hippophaë would have been shaded-out. 
The incapability of Betula trees to form dense 
stands can be attributed to a dry continental 
climate that hindered the rather oceanic birch 
(cf. Usinger 1998), or to insuffi ciently devel-
oped soils (van Geel 1996).

The trend of gradually decreasing grain 
sizes continues (Fig. 7) and shows that soil ero-
sion became gradually less severe. This is also 
demonstrated by a general decrease in values 
of assumed exotic pollen types. Sediment grains 
between 630 and 1000 μm do not occur above 
245 cm depth. This reduced soil erosion will 
be related to a stabilising effect on soils of the 
extensive root system of Hippophaë, as well as 
protection of its dense canopy against splash-
ing rain (Rousi 1965, Li Min et al. 1989, Li 
Quanzhong et al. 1989). The low AP+NAP con-
centrations, high values in the coarser grain-
size fractions and the skewness of the grain 
size distribution, and a peak in assumed exotic 
types indicate an extreme erosion event regis-
tered between samples 255 and 252 (Figs 4, 7).

Between 242 and 236 cm, the hardly fl uc-
tuating standard deviations of the sediment 
parameters show a trend to a more regu-
lar sedimentation. Mean grain sizes and the 
skewness at the same level, however, show an 
increase of sandy material.

Pediastrum, Botryococcus, and Potamogeton 
and/or Callitriche species inhabited the water 
in the basin as is indicated in the pollen dia-
gram (Fig. 4). Macrofossils at the base of SPZ 
REC-C (Tab. 3) confi rm the presence of Pota-
mogeton and show that also Chara or Nitella 
was present. No conclusions about a lake-
shore vegetation can be drawn from the pollen 
record since pollen types produced by wetland 
plants occur with too low values to unambigu-
ously infer local presence of their sources in 
the basin. However, the occurrence of humine 
acid discolouring of clastic particles in the dia-
tom samples indicates again the presence of 
plants within the basin. Cyclotella bodanica 
(Fig. 6) indicates the presence of clear, oligo-
trophic water, although the scarce amount of 
observed diatoms does not allow major conclu-
sions.
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The CaCO3-content decreases markedly 
between 248 and 247 cm (Fig. 7), and towards 
the end of the Hippophaë phase lime precipi-
tation had completely ceased. This can hardly 
be related to a change in temperature, since 
that would also have been refl ected in the pol-
len curves. Although the scarce diatoms pro-
vide not much information, the low electric 
conductivity indicated in sample 288 and in 
samples from higher positions suggests that 
the Reinberg basin was not fed by groundwa-
ter: the water feeding the basin, thus, came 
mainly from precipitation, surface runoff and 
interfl ow. It is plausible that decalcifi cation of 
the surrounding slope soils had progressed to 
such depths during the Hippophaë phase that 
the interfl ow had become deprived of CaCO3.

OPEN VEGETATION PHASE II (SPZ REC-D) – 
OLDER DRYAS

SPZ REC-D contains lower values of Hip-
pophaë rhamnoides pollen than previously and 
higher values of NAP-types (especially Artemi-
sia) and of Betula nana type (Fig. 4). Values of 
Salix and Juniperus type pollen decrease after 
an initial peak. The decrease of Hippophaë 
dates around 12 000 radiocarbon years B.P. in 
northern Germany and Poland (Latałowa 1999, 
De Klerk 2002), and at 13 800 calendar years 
B.P. in the records of Stebich (1999), Litt & Ste-
bich (1999) and Merkt & Müller (1999). The 
date for the beginning of the subsequent vege-
tation phase (Tab. 4, cf. discussion below) gives 
Open vegetation phase II a duration of only 50 
calendar years, which is extremely short. This 
might be due to the insecure age estimations 
presented here. More dates that are reliable are 
desirable in order to get more clarity.

Hippophaë must have lost importance in 
the regional vegetation, whereas dwarfshrubs 
(especially Betula nana/humilis, or Betula 
hybrids) and herbs (especially Artemisia) 
expanded. This shows that a vegetation regres-
sion had occurred. The only slightly decrease 
in Betula pubescens type values might indicate 
that tree birches remained an incidental veg-
etation element. The rather low relative values 
of Juniperus type and Juniperus-without-gem-
mae show that juniper did not greatly expand, 
which is in contrast with inference from the 
Endinger Bruch area in Vorpommern ca. 20 km 
west of the Reinberg basin (De Klerk 2002).

The vegetation regression most likely 
refl ects a decrease of summer temperatures. 

Such a temperature decrease at the same 
time period is also concluded from Coleoptera 
and oxygen isotope studies from other regions 
(Ammann et al. 1994, Walker et al. 1994, Björck 
et al. 1998). The hypothesis that Open vegeta-
tion phase II (in the denunciation as Earlier 
Dryas) was characterized by drought rather 
than cold (cf. Van Geel & Kolstrup 1978, Kol-
strup 1982) is contradicted by the diminish-
ing of Hippophaë which can withstand great 
drought (Pearson & Rogers 1962, Bat et al. 
1988). The gradually increasing grain sizes in 
core REC during this and the previous vegeta-
tion phase even suggest that precipitation had 
gradually increased, allowing the coarser grain 
fractions to be washed into the basin.

Conspicuously, this vegetation phase is 
prominently registered in basins in northern 
Vorpommern, whereas it hardly can be traced 
in regions only few hundreds of km further to 
the south. This is attributable to somewhat 
higher temperatures in these southern regions 
and consequently more stable soils under 
a denser vegetation (cf. De Klerk 2002, 2008).

In the middle sub-basin of Reinberg, a rela-
tively coarse silt-sand gyttja was deposited. 
Although assumed exotic pollen types still show 
a decreasing tendency, their values are promi-
nently higher than at the top of the underly-
ing pollen zone. Both sediment and assumed 
exotic types, hence, demonstrate a prominent 
increase in soil erosion during Open vegetation 
phase II. This is also refl ected in the high accu-
mulation rates (Tab. 5), even if the uncertainty 
of the dates are taken into consideration: if the 
duration of this vegetation phase is wrongly 
estimated with a factor 5 (which is unlikely 
high), accumulation rates are still a factor 2 
higher than previously. Increased soil erosion 
was favoured by the higher precipitation and 
by the disappearance of the stabilising Hip-
pophaë stands. The relatively stable curves of 
the grain sizes, their means, and their stand-
ard deviation point to more regular erosion 
and sedimentation patterns than during the 
preceding vegetation phases.

A small peak of Pediastrum boryanum at the 
base of SPZ REC-D points to a minor expansion 
of Pediastrum in the middle sub-basin. A contin-
uous presence of Potamogeton and/or Callitriche 
is inferable from the pollen record. Macrofossils 
(Tab. 3) show that at the end of this vegetation 
phase Chara was present. No conclusions can 
be drawn about the lake-shore vegetation from 
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the pollen record, but the existence of such veg-
etation types are, again, indicated by the dis-
colouring of the clastic particles in the diatom 
samples. The rare observed diatoms might indi-
cate the presence of water with low to middle 
electric conductivity, although insuffi cient spec-
imens occur to draw defi nite conclusions.

LATEGLACIAL BETULA/PINUS FOREST PHASE 
(SPZ REC-E) – ALLERØD, OR BÖLLING-ALLERÖD 

COMPLEX SENSU USINGER (1985)

SPZ REC-E can be subdivided into four 
sub-zones implying four different sub-phases 
(Fig. 4).

The fi rst sub-phase (SPZ REC-E1) is char-
acterized by a gradual increase in Betula 
pubescens type values combined with relative 
high NAP-values. This shows a gradual expan-
sion of birch trees in a still open regional veg-
etation. The pollen record shows that also Salix 
and Juniperus expanded slightly, and that Hip-
pophaë remained present. Since tree birches 
were probably already present in both Vorpom-
mern and western Germany (cf. Stebich 1999, 
De Klerk et al. 2001 and discussion above), 
a sudden expansion in relation to increasing 
temperatures and increased humidity was prob-
ably synchronous over large distances, although 
it might have occurred a little earlier in the 
warmer, more oceanic south-western part of 
Germany. As long as reliable dates from more 
near-by regions are lacking, the date of 13 750 
calendar years of Stebich (1999) and Litt & Ste-
bich (1999) is also used for Vorpommern. Several 
stable oxygen isotope curves indicate a presum-
ably synchronous temperature rise (Ammann et 
al. 1994, Hoek et al. 1999). Maturing of the soils 
is another factor that might have infl uenced the 
expansion of birch trees (cf. van Geel 1996).

The sediments become fi ner-grained (sand-
silt gyttja instead of silt-sand gyttja), which 
shows that soil erosion reduced as the conse-
quence of the expanding forest. Increasing val-
ues of Corg and loss-on-ignition (Fig. 7) show 
that primary production within the middle sub-
basin increased gradually, or that as result of 
the reduced input of clastic material it gained 
a larger relative importance.

Rising values of Botryococcus and Pedia-
strum boryanum show that the middle sub-
basin became more favourable for Pedia-
strum and Botryococcus. Since the various 
taxa included in these morphological entities 
differ greatly in ecological requirements (cf. 

Jankovska & Komarek 2000) it is unclear what 
the underlying environmental factors might 
have been. The higher frequency of humine acid 
discolouring in the diatom samples indicates an 
increased plant growth within the basin.

The second sub-phase (SPZ REC-E2) starts 
with a sharp decline in NAP-values, represent-
ing a rapid closing of the regional forests. The 
relative values of their pollen types show that 
Juniperus and Hippophaë populations dimin-
ished largely probably as result of the compe-
tition by birch trees, whereas Salix remained 
present. The estimation of 13 650 calendar 
years B.P. of the decrease in NAP pollen values 
(Tab.4) shortly above a rise in pollen ascribable 
to tree birches follows Merkt & Müller (1999).

Clastic sediments largely disappeared in 
the middle sub-basin: the dense forest vegeta-
tion surrounding the basin resulted in stabi-
lisation of soils and prohibited erosion. The 
high Corg and loss-on-ignition values, as well 
as the sedimentation of pure algal gyttja, show 
a prominent primary organic production in the 
basin.

The middle sub-basin contained a wetland 
vegetation in which Equisetum was impor-
tant, as can be concluded from the pollen 
diagram (Fig. 4). For the southern sub-basin, 
a vegetation type with prominent Cyperaceae 
was reconstructed (De Klerk et al. 2001). The 
abundance of Pinnularia remains (especially 
from P. brevicostata, P. cardinalis, P. gibba, 
P. maior and P. nobilis, Fig. 6) shows the pres-
ence of clear, oligotrophic lake water with low 
electric conductivity. Most Pinnularia species 
are living in and on aquatic sediments, but 
some of them might also tolerate temporal air 
exposure. These species might originate from 
habitats amidst the lake-shore vegetation.

The third sub-phase (SPZ REC-E3) shows 
prominent lower values of Betula pubescens 
type and higher values of Pinus diploxylon 
type. This will result from an expansion of pine 
in the Reinberg area, a decrease of the amount 
of birch trees (causing a mathematical increase 
in values of Pinus diploxylon type), or decreased 
fl owering of tree birches related to the minor 
cooler phase known as „Gerzensee fl uctuation” 
(De Klerk 2002, 2008). Since the third sub-phase 
is not (yet) independently dated in pollen dia-
grams from Vorpommern, this latter hypothesis 
can neither be confi rmed nor denied. There is no 
corresponding sedimentary reaction inferable 
from the middle sub-basin, but a sandy layer in 
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the southern sub-basin probably corresponds to 
this third sub-phase (De Klerk et al. 2001).

Menyanthes and Filipendula invaded the 
Equisetum populations in the middle sub-basin, 
as rises in their pollen types indicate. Values of 
the relevant pollen types indicate also the pres-
ence of Cicuta, Oenanthe, and Typha latifolia 
in the basin: since assumed exotic types are 
largely absent, low amounts or single grains of 
other types can be interpreted to originate from 
the actual wetland vegetation, i.e. an exotic ori-
gin can be ruled out.

The diatom fl ora shows two different environ-
ments (Fig. 6). Remains from aquatic Cymbella 
species (probably predominantly C. ehrenbergii 
and C. helvetica) demonstrate an oligotrophic/
mesotrophic water body with low to middle elec-
tric conductivity. Species that tolerate temporal 
air exposure (e.g. some of the Pinnularia taxa) 
show the presence of acid wet vegetation types 
that will have occurred in the basin shore veg-
etation types.

Increased values of Betula pubescens type 
pollen in SPZ REC-E4 prove that during the 
fourth sub-phase birch expanded again, or that 
Betula fl owering increased. The regional veg-
etation will have resembled that of the second 
sub-phase. A short fl uctuation occurs imme-
diately above the Laacher See tephra (LST), 
where the pollen spectrum shows peaks of 
Juniperus-without-gemmae, Juniperus type 
and Artemisia pollen, whereas values of Pinus 
diploxylon type pollen decrease to almost zero. 
Similar fl uctuations immediately above the 
Laacher See tephra occur in many other pol-
len diagrams from north-eastern Germany and 
indicate minor environmental changes imme-
diately after the volcanic eruption (Theuerkauf 
2003, De Klerk et al. 2008). The strong reduc-
tion in AP+NAP concentrations immediately 
above the tephra is the result of pollen-free 
tephra material in the analysed sample and 
does not necessarily indicate a reduction of 
regional pollen infl uxes. The presence of tephra 
material also explains the incidental lower val-
ues of loss-on-ignition and Corg in the relevant 
sample.

The diatom fl ora above the Laacher See 
tephra is rich and varied, and the Pinnularia 
species, Navicula placentula, N. laevissima and 
N. tuscula, Neidium ampliatum and N. iris, 
Stauroneis anceps, Tabellaria fl occulosa, and 
others obtained a mass expansion combined 
with good preservation conditions. A similar 

increase occurs also in other basins in Meck-
lenburg-Vorpommern (Theuerkauf 2003, De 
Klerk et al. in press) and results from an input 
of SiO2 from the tephra that provided nutri-
tion for the diatoms and prohibited solution 
of dead diatoms (Harper et al. 1986, Harwood 
1999). This latter effect also explains the higher 
and more varied diatom content in the sample 
below the tephra. It is also possible that the 
change in sediment from gyttja to more porous 
tephra provided a more favourable habitat for 
some epipelic and epilithic taxa (De Klerk et al. 
in press). The increased amount of Eunotia spe-
cies above the tephra indicates that the deposi-
tion of the tephra caused a (slight) acidifi cation 
of the environment. These conclusions are sup-
ported by diatom analyses around the Laacher 
See Tephra in one of the other Reinberg sub-
basins (De Klerk et al. 2008).

The pollen record suggests that the wetland 
vegetation in the middle sub-basin during the 
fourth sub-phase included Equisetum, Menyan-
thes, and Filipendula. Botryococcus and Pedias-
trum inhabited open water. At the end of the 
sub-phase, formation of brownmoss peat started 
(with dominance of Calliergon giganteum, 
Tab. 3). Contrary to Pediastrum, Botryococcus 
remained present. Spots of open water were 
inhabited by Nuphar as is shown by a peak of 
Nuphar lutea type pollen (Fig. 4). The presence 
of locally drier environments is indicated by 
high values of some Pinnularia species (Fig. 6). 
The diatoms further show the presence of oligo-
trophic acid water with low to middle electric 
conductivity.

The beginning of peat formation does not 
correspond in time with relevant changes in 
the regional vegetation and, therefore, cannot 
be considered to result from climatic change: 
it, hence, relates to basin-internal hydrological 
and/or vegetation dynamics. Possibly a fl oat-
ing vegetation mat had developed on top of the 
water surface.

OPEN VEGETATION PHASE III (SPZ REC-F) – 
YOUNGER DRYAS

 SPZ REC-F contains prominently higher 
NAP values than the previous zone (cf. Fig. 4). 
Three sub-zones are distinguished that are 
based on further rises in NAP-types. The dates 
of ca. 12 700 calendar years B.P. for the begin-
ning, and of ca. 11 600 calendar years B.P. for 
the termination of Open vegetation phase III 
are based on the correlation with the varve-
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dated pollen diagrams of Goslar et al. (1999), 
Stebich (1999) and Litt & Stebich (1999), and 
Merkt & Müller (1999). The relevant vegeta-
tion changes (that are the result of climatic 
change) are likely to be synchronous over large 
distances and, thus, will date simultaneously. 
Since the different sub-phases in the Reinberg 
diagram are not dated, only a mean accumula-
tion rate for Open vegetation phase III in total 
could be calculated (Tab. 5). This accumulation 
rate did probably not remain constant in the 
different sediment layers, which is indicated 
in fl uctuations of the AP+NAP concentration 
curve, although these may also result from 
changes in pollen infl uxes or pollen preserva-
tion. The date of the upper boundary of SPZ 
REC-F is, furthermore, uncertain due to a hia-
tus (discussed below). The actual mean accumu-
lation rate, thus, was most likely higher than 
the value given in Table 5.

The higher AP+NAP concentrations com-
pared to the Open vegetation phase I and the 
Hippophaë phase show that the regional veg-
etation during Open vegetation phase III was 
denser and, hence, resulted in higher pollen 
infl uxes. Since sediment accumulation rates 
are higher or similar to those of the phases 
in the early part of the Lateglacial (cf. Tab. 
5), a smaller accumulation rate can be ruled 
out as cause for these higher concentrations. 
These observations are in good accordance with 
a study of the Endinger Bruch area ca. 20 km 
to the west of Reinberg (De Klerk 2002).

The sudden increase of NAP values at the base 
of SPZ REC-F1 show that the fi rst sub-phase 
started with a rapid opening of the regional veg-
etation. An open vegetation including Artemi-
sia, Betula nana/humilis, Salix, and Juniperus 
expanded, as is indicated by higher values of the 
relevant pollen types. Betula and possibly Pinus 
trees were probably also present, but did not 
form closed stands (cf. De Klerk 2008).

The wetland vegetation reacted less rap-
idly on the climatic change at the beginning of 
Open vegetation phase III. At the beginning of 
the fi rst sub-phase, the fl oating vegetation mat 
remained present in the basin, as is indicated by 
the peat at the base of SPZ REC-F1. However, 
soon this mat was drowned and a new aquatic 
environment developed in which (as the pol-
len record indicates) Nuphar, Pediastrum and 
Bo tryococcus were present. Relative high values 
of Equisetum spores show that along the basin 
shores Equisetum remained present.

The number of observed diatoms decreases 
conspicuously at the transition from peat to 
gyttja. The observed genera Cymbella, Fragi-
laria, and Neidum require oligotrophic/mes-
otrophic open water with low to middle electro-
lyte content and acid pH. Part of the Eunotia 
and Pinnularia species, however, tolerate tem-
poral air exposure and might have occurred in 
the wetland vegetation along the basin shores 
(i.e. the Equisetum marshes).

The gradually decreasing loss-on-ignition 
values show that decreasing organic produc-
tion or increasing sedimentation of eroded soil 
material occurred only slowly. The gradual 
change from peat along peaty detritus gyt-
tja to fi nally detritus gyttja shows that water 
levels rose only gradually. Evapotranspiration 
will have decreased due to the disappearance 
of forests, and a consequently enlarged surface 
runoff caused lake levels to rise. Also season-
ally frozen soils prevented precipitation to infi l-
trate and, after thawing during the probable 
short summer seasons, a sudden large water 
supply into the basin contributed to higher 
water levels.

The rise in NAP-values at the base of sub-
zone REC-F2, mainly attributable to a rise in 
values of Empetrum nigrum, indicates a fur-
ther opening of the regional vegetation in the 
second sub-phase. However, such a sudden 
opening is not visible in the diagram calcu-
lated with an „Iversen pollen sum” due to 
gradual rising values of Cyperaceae pollen 
values that do not necessarily originate solely 
from the regional vegetation but might also 
indicate a gradually expansion of marsh hab-
itats along the basin shore. This is another 
illustration that interpretation of diagrams 
calculated relative to an „Iversen pollen sum” 
cannot be unambiguously interpreted (cf. De 
Klerk 2004a). During the second sub-phase, 
Ericaceous heath lands were a prominent 
regional vegetation element, in contrasts to 
the regions of southern Mecklenburg, north-
ern Brandenburg, and the Berlin area where 
open pine parklands formed a prominent veg-
etation type (Brande 1995, De Klerk 2008).

The opening of the regional vegetation 
resulted in an increase of soil erosion, due to 
which clastic sediments were now deposited 
(cf. Figs. 4 and 7). The sediment change was 
shortly delayed, possibly because the threshold 
of vegetation to open-up was reached earlier 
than the threshold for enlarged soil erosion. 
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The higher organic content (compared to Open 
vegetation phases I and II, and the Hippophaë 
phase) shows that soil erosion during Open 
vegetation phase III was less severe because of 
the denser regional vegetation, or that organic 
production within the basin was higher. It is 
also imaginable that the material washed into 
the basin contained generally more organic 
material due to the gradual maturing of the 
soils during the previous vegetation phases. 
The lower relative values of assumed exotic 
types compared to the early Lateglacial are 
either the result of the less severe soil ero-
sion, or due to a higher infl ux of contemporary 
regional pollen (i.e. the ratio between assumed 
exotic types and pollen sum types had changed 
in favour of the latter).

The Equisetum populations in the middle 
sub-basin seem to have lost importance and 
were possibly replaced by ferns or Cyperaceae 
(as the values of Monolete spores without 
perine and Cyperaceae pollen might indicate). 
The lake was inhabited by aquatic species of the 
Ranunculaceae family (e.g. Batrachium species), 
which can be concluded from the high relative 
values of Ranunculus acris type that are too 
high to originate from regional sources. A simi-
lar expansion of aquatic Ranunculaceae is also 
deducible for several other basins in Vorpom-
mern (Lange et al. 1986, Strahl 1999, De Klerk 
& Helbig 2006). Such a conclusion is, however, 
not clearly inferable from the diagram with an 
„Iversen pollen sum” (Fig. 5) in which values of 
the Ranunculus acris type are mathematically 
suppressed by the high values of Cyperaceae 
and „Wild grass group pollen”. The water was 
also inhabited by Botryococcus and Pediastrum 
taxa. For unknown reasons, the latter disap-
peared almost completely twice.

Palaeoecological conclusions can hardly be 
drawn from the few observed diatoms. The 
scarceness of diatoms is related to increased 
Si-solution within the basin that attacked the 
diatoms, to mechanical damage (e.g. by season-
ally frozen lake fl oors), or to an enlarged sedi-
mentation rate connected with the sediment 
change. The lower AP+NAP concentrations in 
SPZ REC-F2 indicate that the sediment accu-
mulation rate actually increased during the sec-
ond sub-phase.

SPZ REC-F3 starts with rises in values of 
Empetrum nigrum, Juniperus type/Juniperus-
without-gemmae and Betula nana type, which 
shows that the regional vegetation opened-up 

further at the beginning of the third sub-phase. 
This suggests that the lowest temperatures 
occurred at the end of Open vegetation phase 
III, as was also observed by De Klerk (2002). 
It is, however, in contrast with Isarin (1997) 
and Isarin & Bohncke (1999), who concluded 
that maximum cold of the Younger Dryas was 
at its beginning. Another possibility is that the 
further opening-up of the vegetation relates to 
changes in moisture regime.

Substantial changes do not occur in the sedi-
ment record (Fig. 7), although the largest grain-
sizes occur around 120 cm depth and correspond 
with a maximum in dry-weight and bulk-den-
sity. In addition, loss-on-ignition has the low-
est values of Open vegetation phase III in this 
sample. Assumed exotic pollen types, however, 
remain low. Nevertheless, a maximal erosion 
event is probably recorded in this sample.

The pollen diagram (Fig. 4) shows that in 
the middle sub-basin aquatic Ranunculaceae, 
Botryococcus and Pediastrum were prominently 
present. Pediastrum boryanum reached a maxi-
mum expansion towards the end of the sub-
phase.

The level of 17 m a.s.l. represents the min-
imum height of the water table at the end of 
Open vegetation phase III, since the highest 
occurrence of gyttja in the Reinberg is at this 
level (Fig. 3).

EARLY HOLOCENE BETULA/PINUS FOREST 
PHASE (SPZ REC-G) – PREBOREAL

SPZ REC-G contains low NAP-values and is, 
therefore, correlated with the early Holocene. 
The pollen and macrofossil records show pre-
vailing birch and pine forests that probably 
included Populus (cf. De Klerk 2002). The rise 
in assumed exotic types in the upper part of 
SPZ REC-G is due to a rise of Corylus avellana 
type pollen resulting from the immigration of 
Corylus in the regional vegetation: i.e. in fact 
this type is not exotic anymore.

The sharp transition from gyttja to peat in 
core REC indicates that a hiatus may include 
the transition from Open vegetation phase 
III to the Holocene. A sudden lowering of the 
water table at the beginning of the Holocene 
might have caused destruction of the upper 
lake sediments. Afterwards, water levels rose 
only slightly and a mire developed in the mid-
dle sub-basin. A lake may not have developed 
because of a reduced water availability result-
ing from the increased evapotranspiration of 
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the regional forests. In addition, the better 
infi ltration capacity of the currently thawed 
soils will have contributed to a reduction of 
available water in the basin. A similar hia-
tus (with variable temporal ranges) occurs at 
many other shallow basins of Vorpommern (De 
Klerk 2004b).

The pollen diagram further shows that the 
local mire vegetation in the middle sub-basin 
contained Equisetum, Filipendula and Typha 
latifolia. The macrofossils demonstrate addi-
tionally the presence of Drepanocladus and 
Carex. These Carex species must have had low 
pollen production and/or dispersal capacities, 
since pollen values of Cyperaceae are rela-
tively low. Abundant sponge needles in the 
diatom samples between 105 and 90 cm depth 
show presence of residual water in the peat-
land. Nymphaea and Potamogeton inhabited 
this water, of which the latter is only indicated 
by macrofossils. Pediastrum and Botryococcus 
were very scarce.

CONCLUSIONS

The data presented here provide valuable 
insights in the development of vegetation and 
palaeoenvironment in and around a basin in 
NE Germany. During the late Pleniglacial, 
an environment of shallow wet ponds and low 
dry mineral mounds existed with in general 
rather low water levels. At the beginning of 
the Lateglacial, temperatures rose probably 
only slightly, or summer warm periods lasted 
longer. Consequently water levels rose and 
a lake formed.

The vegetation development shows a phase 
with open regional vegetation types, a subse-
quent phase with prominence of Hippophaë, 
followed by a second phase with an open 
regional vegetation. The sediment parameter 
of the Reinberg basin, together with the recon-
structed vegetation, point to a gradual shift to 
a more humid climate. During the Hippophaë 
phase, deposition of CaCO3 ceased, indicating 
that decalcifi cation of the soils surrounding the 
basin had already proceeded to such extent that 
the interfl ow had become deprived of lime.

During the Lateglacial Betula/Pinus for-
est phase (Allerød), mainly birch forests pre-
vailed on the dry soils. Soil erosion had greatly 
diminished, and organic sediments were 
deposited. A peculiar pollen fl uctuation around 

the Laacher See tephra indicates short-lived 
changes in vegetation and environmental 
parameter as reaction on the eruption of the 
Laacher See volcano. Silicate input by the 
tephra favoured development of diatom popu-
lations and prohibited solution of diatoms.

Open vegetation phase III (Younger Dryas) 
shows a tripartition in the opening-up of the 
regional vegetation. The vegetation was denser 
and soil erosion was less severe than during 
the vegetation phases of the early Lateglacial. 
At the transition to the Holocene a prominent 
lowering of water levels caused destruction or 
removal of the upper Lateglacial sediments. 
After water levels rose again, a peatland devel-
oped in the basin.
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Fig. 4. Pollen percentage diagram “Reinberg C”, calculated relative to a regional pollen sum. For pollen type nomenclature (f, g, m, p, *) and calculation of pollen frequencies: see text. Relative pollen 
values are presented as percentages (closed curves), and a 5-times exaggeration (open curves with depth bars). Pollen types excluded from the diagram are presented in Table 2


	7-Klerk.pdf
	7-Klerk-wklejka.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Europe ISO Coated FOGRA27)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Europe ISO Coated FOGRA27)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /POL ([Na podstawie 'PBS-kolor-RGB'] )
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentRGB
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


