
1.Introduction.

1.1. The Hautes-Fagnes plateau and the Misten bog

The Hautes-Fagnes plateau (Eastern Belgium), culminating at 
694 m a.s.l., has a relatively cool and humid climate conducive to 
the development of peatlands. The Cambro-Ordovician bedrock 
(mainly quartzites and slates) gave rise to an alteration layer rich 
in clay. During glacial episodes, loess accumulated but remains 
only locally on the highest parts of the land. Peat soils cover 
3750 ha, including about 1000 ha of raised bogs protected since 
1957 in a state nature reserve. The topographic conditions for 
areas where peat has accumulated are given by Wastiaux et al. 

(2000). A general description of the Belgian peatland vegetation, 
in particular those of the Hautes-Fagnes, is provided by Frankard 
et al. (1998).

The Hautes-Fagnes are situated in a key position among 
European peat deposits, under both oceanic and continental 
influences (Streel, 1959). The average precipitation is c. 1440 
mm/yr and the mean annual temperature over the Hautes-Fagnes 
averages 6.7 °C (Mormal & Tricot, 2004). Previous studies 
of the Hautes-Fagnes peat archives using palynology have 
already demonstrated their potential for reconstructing regional 
vegetation changes (e.g. Persch, 1950; Dricot, 1960; Damblon, 
1978, 1996). Data from this area are equally important to improve 
understanding of past climatic changes for this part of Europe.
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Figure 1. The Misten bog 
(Hautes-Fagnes, Eastern 
Belgium) and the location 
of the peat profiles. Peat 
thickness after Wastiaux 
(2002). Thick dotted lines 
are access pathways. Thin 
dotted lines are forested roads. 
Red lines are the cutting 
fronts (stopped after the 2nd 
world war). The vertical 
yellow stripe represents the 
main drain, dug in 1774 as a 
boundary limiting peat cutting 
activities (ZONE B) from the 
now preserved part (ZONE 
D). It was partially active until 
1970.
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The saddle-raised Misten Bog (50°33´50´´N, 06°09´50´´E, 
620 m a.s.l.) is located in the Hautes-Fagnes Plateau and contains 
some of the deepest peat deposits of this area, with more than 7 m 
of peat in its centre (Fig. 1). 

A central drain, dug in 1774 as a boundary limiting ancestral 
peat cutting activities from more preserved part (Nekrassoff, 
2007), was partially active until 1970. The bog has also been 
cut along its outer rim, mainly in the North-Eastern and South-
Eastern edges. Misten Bog sits on an isolated plateau that prevents 
the bog from receiving lateral mineral inputs, e.g. through 
small streams. The vegetation on the site is mainly composed 
of Sphagnum ssp and Polytrichum strictum, built up into low 
hummocks. Rare hollows are dominated by Rhynchospora alba 
or Narthecium ossifragum. Hummocks are currently hidden by 
abundant amounts of Erica tetralix, Calluna vulgaris and a few 
Vaccinium spp. shrubs, reflecting the recent drying of the bog 
which is also surrounded by Molinia grass.

1.2. Field work

Cores were collected (Fig. 1) in February 2008 from the deepest 
part of the peat bog using a Wardenaar corer (Wardenaar, 1986). 
Cores 01W, 04W were taken in and around one single hummock at 
a very short distance from each other. Core 05W was taken about 
50 m to the west of core 01W and core 06W (De Vleeschouwer 
et al., 2012) 100 m to the south. Additionally, we will take into 
account 5 other cores, each of them made by alternation of two 
boxes of 30 cm long and 5 cm wide. They were studied by M.N. 
Hindryckx during her thesis in 2000 but are still unpublished. The 
5 cores (MNH 2 to 6) were taken at the edge of the preserved part 
of the peat bog, 200 m south of cores 01W and 04W. MNH 2 is 
the core taken nearest the border rim of the peat bog at a short 
distance from an old peat-cutting vestige. The other MNH cores 
were taken in a westerly direction toward the peat bog centre, at 
10 m for MNH 3, 20m for MNH 4, 30m for MNH 5 and 40m for 
MNH 6.

1.3. Previous pollen analysis in the Misten bog.

1.3.1 Schwickerath (1937) and Persch (1950) carried out pollen 
analyses (at 12 cm and at 5 cm interval respectively) from 
marginal sections of the bog. Persch (1950) used Overbeck 
& Schneider’s (1938) classification of Holocene vegetation 
landscapes to subdivide the pollen sequence (from their Boreal 
Subzone VII to Subatlantic Subzone XI). Additionally, he 
introduced a quantitative approach based on Corylus abundance 
(from their Subzone VII to Subzone IX) defining 4 maxima CI, 

CII, CIII and CIV as well as on Fagus abundance (within their 
Subzone XI) defining 4 further maxima FI, FII, FIII and FIV.

He suggested that these fluctuations in Corylus and Fagus 
abundance could be used to date and correlate between different 
regional pollen diagrams. This approach was subsequently used 
by different authors in the Hautes-Fagnes (e.g. Dricot, 1960; 
Mullenders & Knop, 1962; Deumer et al., 1964; Trullemans, 
1971; Damblon, 1978). 

However Persch (1950) did not have access to radiocarbon 
analysis at that time. He nevertheless proposed a rather detailed 
estimated age of the four Fagus maxima. For that purpose, he 
chose two well-dated biostratigraphic pinning points, separated 
by 120 cm in his sequence. The two dates are the base of the 
Subatlantic Period, known then at 600 BC, and the top of the 
section with the first rise of Pinus pollen known as being 
cultivated since AD 1800 in the region. Assuming constant peat 
accumulation rate of Misten Bog, he extrapolated the age of the 
four maxima of the abundance in Fagus pollen: Fagus maximum 
FI around AD 1, FII around AD 700, FIII around AD 1200, FIV 
around AD 1600. (Table 1)

When compared to a much more recent work on Misten 
Bog (see below.) the dates suggested by Persch (1950) are not 
confirmed (Streel, 2011). Only the Fagus maximum FI was rather 
well dated compared to 4 successive calibrated 14C dates (AD 
86-AD 258) refined by wiggle matching techniques (Streel et 
al., 2005; Renson et al., 2008) in another locality of the Hautes-
Fagnes, 10 km south of Misten Bog.
 
1.3.2. De Vleeschouwer et al. (2012) and Allan et al. (2013a) 
reproduced pollen diagrams respectively of the 1 m deep core 
06W and of the 1 m deep core 01W (Fig. 1) from a former 
unpublished report (De Vleeschouwer et al., 2010)

In these pollen diagrams, 9 zones (1 to 9) were recognized 
from the base to the top with a major limit occurring between 
Zone 2 and 3 where a sharp drop of Fagus pollen is recorded. 

Pollen zones 1 and 2 were noted in the unpublished report 
as belonging to Zone IX and the next pollen zones to Zone X of 
Firbas (1949). (Table 1) 

1.4. Aim of the paper.

We compare the data provided by the Misten cores 01W and 06W, 
dated with radiocarbon analyses, with 7 other cores taken in the 
same peat bog. The paper will explore well defined and well dated 
major quantitative features matched throughout the peat bog, 
assuming that pollen rain was equally distributed on its rather 
small surface. The aim of the paper is to demonstrate the potential 
of detailed sampling to establish a pollen zonation traceable 
across several cores in the same peat bog in order to establish 
chronological correlation between them. Furthermore, the paper 
will use these new techniques to estimate peat accumulation 
rates across that bog and the lateral variation of the constitutive 
vegetation through time.

2. Materials and methods

2.1. Pollen analysis

In total, 293 pollen samples (including MNH cores) were studied 
with a minimum of 300 pollen grains counted by sample. The 
core 01W has been entirely sampled and studied for pollen 
analysis at 1 cm interval (76 samples). The other cores (04W, 
05W and 06W) present a lower resolution (32, 26, 45 samples 
analyzed respectively) at 3 or 4 cm interval. However the higher 
part of core 04W (from the top to 34.2 cm), of core 05W (from the 
top to 22.3 cm) and of core 06W (from the top to 20.2 cm) were 
studied for pollen analysis at 1 cm interval as well as the lower 
part of core 06W (from 82.6 cm to the base). The 5 MNH cores 
were sampled at 3 cm interval except the higher part which was 
studied at 1 cm interval (from the top to 8 cm in cores MNH4 and 
MNH6; from the top to 9 cm in cores MNH2 and MNH5; from 
the top to 10 cm in core MNH3).

For each sample, 2 g of fresh material was dissolved in 10% 
HCl. Humic acids were removed by hot (not boiling) 10% KOH. 
The residues were then dissolved in 96% acetic acid and treated 
by acetolysis (Faegri & Iversen, 1989). After centrifugation, 

  A   B      C    D   E

           Subatlantic phase
The conifer period
Xd2,Xd3,Xd4 (other Picea  subzones) (9/8/7)
Xd1 (1st Picea  subzone) 6 6
Xc (Pinus zone) 5 5 5
The oak period 
Xb  (Quercus  peak) 4 4 4

FIV Xa 3 3 3
The beech period

FIII IXe  2 2 2
FII IXd  1 1 1

IXc
FI IXb

IXa*
             Subboreal phase
VIII**
A: Persch 1950 after Streel 2011
B: De Vleeschouwer et al. 2010
C: De Vleeschouwer et al.  2012
D: Allan et al.  2013
E: Present paper
* From the beginning of Subatlantic phase (Firbas 1949)
** The Subboreal phase (Firbas 1949)

Table 1. Zonal correlation between previous pollen studies in the Misten.
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the solutions were filtered through 200 μm and 12 μm mesh 
sieves. The residues on the 12 mµ sieve were washed in 96% 
alcohol and transferred in glycerin to be mounted on glass slides. 
Identification of pollen was aided by Moore et al. (1991), Reille 
(1992, 1995, 1998), Beug (2004) and a reference collection. 
Pollen percentages were calculated on an arboreal pollen sum 
(AP) in order to emphasize the main climatically induced changes 
in the regional surrounding forest. 

2.2. Macrofossil analysis

Macrofossil analyses were carried out by D. Mauquoy (in 
unpublished report De Vleeschouwer et al., 2010) on cores 01W 
(each 1 cm), 04W (each 4 cm), 05W (each 4 cm), 06W (each 
1 cm). Samples were boiled with 5% KOH and sieved through 
a diameter 125µm mesh retaining the larger size fraction. 
Macrofossils were scanned using a stereomicroscope (×10–50), 
and identified using an extensive reference collection of type 
material (Mauquoy & van Geel, 2007). Volume percentages 
were estimated for all components with the exception of seeds, 
Eriophorum vaginatum spindles, Sphagnum spore capsules, and 
charcoal particles, which were counted and expressed as the 
number (n) present in each subsample.

2.3 Testate amoebae analysis

Testate amoebae analyses were carried out on core 01W (each 
1 cm). They were prepared following the recommendations 
suggested by Booth et al. (2010). Only two taxa (Amphitrema 
wrightianum and Difflugia pulex) are considered in this paper. 
A more complete contribution is in preparation (Surface wetness 
reconstruction using testate amoebae analysis of the mid to late 
Holocene Misten peat bog, Hautes-Fagnes, eastern Belgium by 
Beghin Jérémie, Salpeteur Thomas, Charman Dan, Lamentowicz 
Mariusz, Gerrienne Philippe, Streel Maurice, Court-Picon Mona, 
Allan Mohammed, Fagel Nathalie and Javaux Emmanuelle.)

2.4. Chronology

Age/depth-models for cores 01W (Allan et al., 2013a) and 06W 
(De Vleeschouwer et al., 2012) were constructed using 14C dates 
and CRS modeled 210Pb ages. Radiocarbon dates were translated 
to calendar years using the IntCal09 calibration curve (Reimer 
et al., 2009). Age depth-models were then drawn (using an 
autoregressive process with a degree of “memory”, Blaauw & 
Christen, 2005, 2011) (Fig. 2). From these models, calendar age 
distributions were constructed for all depths. 22 dates were placed 
on core 06W, 5 dates on core 01W and basal dates on cores 04W 
and 05W. MNH cores were not dated.

3. Results and discussion

3.1. Definition and correlation of pollen zones and their 
application for evaluating peat accumulation rates and climatic 
versus human influences on Misten Bog

Based on experience gained from the previous works of Persch 
(1950), Dricot (1960) and Damblon (1978) we know that less 
abundant taxa like Alnus, Betula, Carpinus and Corylus were not 
so important in subdividing Subatlantic pollen diagrams in the 
Hautes-Fagnes area. Carpinus, however, is known to reach 10 % 
only during the late part of the Beech Period (Persch 1950) and, 
for that reason, is added to the list of arboreal taxa living outside 
the bog. 

In contrast, Corylus abundance is not diagnostic during the 
late Subatlantic. Furthermore, its preference for marginal parts 
of forested soil (Damblon 1978) suggests some edaphic control 
on their local distribution. For these reasons Corylus is omitted 
from the zonation. The same is true for Betula whose abundance 
is difficult to interpret in term of possible natural wooding of the 
bog; pollen grains of Betula pubescens (possibly living on the 
bog) and Betula pendula (living mainly with Quercus around the 
bog) cannot be discriminated under a light microscope. Alnus 
was growing in the minerotrophic areas (the “laag”) surrounding 
the ombrotrophic central part of the peat bog. The degree to 
which local pollen production can be used to interfere with more 
regional pollen rain is a matter that will be discussed below.

We have used stratigraphically constrained cluster analysis 
(CONISS Grimm, 1987), with data converted to proportions 
and square root transformation, on 5 taxa living outside the peat 
bog (Fagus, Carpinus, Quercus, Picea and Pinus) for all cores. 
To highlight the limits suggested in these cores by the CONISS 
analysis they have been emphasized using simplified arboreal 
pollen diagrams. Abundances of fewer than 5 % have been 
omitted for more clarity of these diagrams which incorporate 
also Alnus percentages (not in the CONISS analysis) for further 
discussion. TILIA graphs (Grimm, 1990) of cores 01W, 04W, 
05W and 06W are given in addenda 1 to 4.
3.1.1. Definition of the zones in cores 01W and 06W. (Fig. 3)
Cluster analysis of core 01W delimites clearly three superzones 
(Beech, Oak and Conifer) and several zones, which correspond to 
the empirical subdivisions, from 1 to 6, formerly used in recent 
papers (Table 1). The most obvious zones, from the top to the 
base, are Picea zone 6, Quercus zone 4 and Fagus zones 1 and 2; 
all strongly dominated by their eponymous taxon, often two times 
more abundant than other taxa. We believe that these correspond 
to specific pollen rains, which remained constant most often 
during several hundred years.

The cluster analysis of core 06W matches all these 
subdivisions but does not delimitate the superzones highlighted 
in cluster analysis of core 01W. This is probably the result of 
the heterogeneity in the sampling density of both cores (1 cm 
resolution for both cores except from 22,9 cm to 79,7 cm on core 
06W where sampling occurred every 3 cm). 

Intermediate zone 5 is less easy to define with Picea being less 
abundant than Pinus if these pollens are present. Also, the cluster 
analysis of both cores proposes to subdivide zone 3 in subzones 
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Figure 2. Age/depth models. 
Core (MIS-08-) 01W 
reproduced from Allan et 
al. (2013). Core (MIS-08-) 
06W reproduced from De 
Vleeschouwer et al. (2012). 
Depth of 14C data are noted 
within the figures. The grey 
range of the age/depth models 
illustrate the 95% confidence 
interval of the data.
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3a and 3b, since Quercus is still dominated by Fagus in subzone 
3a, but alternates its relative abundance with the other arboreal 
taxa in subzone 3b. Zone 2 (Fagus reaching 40% or more) can 
be differentiated from Zone 1 by several higher maxima of Fagus 
(FIII of Persch 1950) and an almost continuous presence of 
Carpinus (5 to 10%). Zone 1 can also be characterized by Alnus 
abundance which, although rather variable, declines from zone 
1 to 2.

The transitional period (Zone 3) from Fagus dominance 
to Quercus dominance may be explained by human activity. 
Quercus acorns were used as cattle fodder, whereas its wood 
was also intensively used for any building. Quercus forests were 
therefore favored. Fagus is not only unable to survive wood fires, 

but was also regularly coppiced for charcoal production, dating 
back to the 16th century in the Rurbusch forest, a few km south of 
the Misten (Liégeois-Lemaitre, 1957). 

The rise of Pinus sylvestris in the upper half of Zone 4 may 
correspond to the first culture of this species in the neighboring 
Hertogenwald in 1750 (Pahaut & Oldenhoven de Guertechin, 
1962). However, Pinus pollen grains are light and transport long 
distances, which is not the case of heavier Picea pollen. Strictly 
local production of Pinus pollen grains is therefore uncertain.

The 210Pb and 14C dates available for cores 01W and 06W have 
been used to check the age of the zonal limits (Table 2, Fig. 4). 
Keeping the correlations within their respective 95% confidence 
interval, both age/depth-models are compatible with the notable 
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Figure 3. Comparison pollen 
diagrams linking CONISS 
analyses of 01W and 06W, 
the two cores with age/depth-
model. The percentages 
(higher than 5%) of Fagus, 
Carpinus, Quercus, Picea and 
Pinus i.e. the main arboreal 
taxa living outside the peat bog 
+ Alnus are represented. Three 
superzones (Beech, Oak and 
Conifer) are identified. Zones 
1 to 6, including subzones 3a 
and 3b limits are in red, their 
exact position in both cores 
being indicated
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exception of the limit 3a/2. With this limit being based on a very 
distinctive pollen signal (a sharp drop in abundance of Fagus), we 
suggest that the poorly supported 01W age/depth-model is largely 
responsible of the more than one century difference in age and 
that the mean date of end 11th Century applied on Table 2 and Fig. 
4 should better read as middle 12th Century. 
3.1.2. Application of the zonal scheme to the other cores
CONISS analysis of core 05W (Fig. 5) is very similar to the 
proposed subdivisions for core 01W (Fig. 3). This is less evident 
for the CONISS analysis of core 04W, although the comparison 
of cores 05W and 04W is easy from their comparison through the 
simplified arboreal pollen diagrams. 

The correlation (Fig. 6) between all 5 simplified arboreal 
pollen diagrams of MNH cores is a good opportunity to test 
the pollen zonation and demonstrate that the thickness of peat 
accumulated during zone 4 to 6 is progressively reduced from 

MNH6 to MNH2 on the rather short distance of 40 m (See 3.1.4.).
Note that the sample 31 in Zone 4 of core MNH 6 is considered 
a probable field contamination by Picea pollen during sampling 
and is therefore excluded from the interpretation. The subdivision 
of zone 3 in two subzones is not that easy to recognize in these 
cores and is therefore omitted. 
3.1.3. Validity of the zonal scheme as time-lines
We have been able to recognize the zonal scheme at different 
distances between the core locations: 100m (01W, 05W, 06W 
and MNH2 cores), 10m (All MNH cores), 1m (Cores 01W and 
04W). According to the age/depth-models, the duration of each 
zone varies from 500 years (Zone 2) to 100 years (Zone 5), i.e. at 
a centennial scale. We know no similar published study made at 
comparable scales in a similar forest environment. Hughes et al 
(2000) used pollen correlation in northern England between two 
ombrotrophic lowland peat bogs situated on similar geology, with 
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Figure 4. Overlapping of 
both age/depth models and 
estimated age of the pollen 
zone limits.
Green thick line and vertical 
dashed lines refer to core 01W. 
Black thick line and vertical 
lines refer to core 06W. Red 
horizontal lines connect 
compatible ages of the pollen 
zone limits (See also Table 2). 
Limits 3a/2 are not compatible 
and should better read as 
Middle 12th Century (See text).

A B C D E D E C B A F
01W Blaauw   01W      Blaauw      06W 06W

6//5 18.7 19 1958 1964-1954 1940 1949-1930 13 12.3 6//5 Middle 20th
19.6 20 1946 1952-1941 1928 1935-1921 14

1915 1926-1905 15 13.7

5//4 25.1 26 1770 1818-1723 1881 1909-1842 17 16.3
26.1 27 1747 1795-1705 1863 1900-1816 18 17.3 5//4 Middle 19th

1623 1719-1564 32 30.7
4//3b 36.1 37 1445 1520-1367 1607 1698-1549 33

37.1 38 1412 1481-1344 1589 1675-1533 34
1573 1659-1516 35 34.0 4//3b Middle 16th

1336 1361-1312 43 42.1
3b//3a 46.1 47 1220 1293-1142 1306 1347-1276 44

47.1 48 1200 1275-1123 1281 1329-1240 45
1256 1297-1218 46 44.6 3b//3a End 13th

1149 1188-1106 52 50.5
3a//2 58.4 59 978 1060-897 1135 1179-1089 53

59.5 60 958 1041-875 1121 1168-1075 54 /Middle 12th
1106 1156-1062 55 53.1 3a//2b End 11th/

2//1 77.1 78 633 690-564 612 646-569 90 88.2 2a//1b Middle 7th
78.1 79 619 679-552 596 635-549 91 89.6

A = limits of zones; B = recalculated depth; C = sample number; D = wmean AD
 E = 95% confidence interval; F = Approximate age
 
 

 

Table 2. Calendar age 
distribution reconstructed 
by Blaauw (See Blaauw & 
Christen, 2011) for all depths of 
pollen zone limits in 01W and 
06W. Grey confidence intervals 
95% are compatible (except 3a/2 
See text)
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similar basin size and local climate but distant of 3 kilometers. 
They identified 7 regional pollen zones based on main species of 
arboreal pollen in the lower Holocene. The recent contribution on 
the Engbertsdijksveen (eastern Netherlands) casting uncertainty 
of pollen proxy for correlation (Blaauw & Mauquoy, 2012) is not 
that convincing. The nearest hills of up to 50-70 m height above 
sea level that could have produced acceptable regional pollen 
were kilometers in distance. Consequently, during the Subatlantic 
period, these authors selected regional pollen Fagus and Corylus 
never reached more than 10 to 20 %, i.e. rather low percentages 
to help correlation, compared with the high percentages used in 
our zonal scheme. Only their third and last choice of regional 
pollen, Alnus, was regularly reaching between 40 and 60 % but 
they correspond to the vegetation cover of the whole region, 

for instance floodplain, being probably depending on the local 
water level fluctuations to a greater extent, if not on regime 
change of the small river 8 km away. Brown (1988) has made 
valuable comments on the importance of interactions between 
geomorphology and Alnus dynamic in similar environment.

Accepting that the age/depth-models of 01W and 06W, within 
their respective 95% confidence interval, are almost compatible 
(See 3.1.1.) and taking into account the dense forested environment 
producing in abundance the succession of the selected key pollen 
markers, we shall consider the limits between our zones as the 
best time-lines available.

3.1.4. Variation of peat thickness in each zone

Fig. 7 demonstrates that the thickness of each zone in the nine 
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Figure 5. Comparison pollen 
diagrams linking CONISS 
analyses of 04W and 05W.
The percentages (higher than 
5%) of Fagus, Carpinus, 
Quercus, Picea and Pinus i.e. 
the main arboreal taxa living 
outside the peat bog + Alnus 
are represented. Zones 1 to 6 
limits are in red, their exact 
position in both cores being 
indicated.



154� M. Streel et al.

cores is variable. Cores MNH6 to MNH3 were not deep enough 
to reach the limit 1/2 but cores MNH2 and 06W show that the 
peat accumulation rate during Zone 2 was distinctly higher in 
the south-eastern part of the bog than in the central part between 
the mid-7th and mid-12th centuries (see also Fig 4). During zone 

3 (between the mid-12th and mid-16th centuries) the cores present 
a more equal peat accumulation rate than during zone 2, but is 
however often more important in the central part of the bog than 
in the south-eastern part. In core MNH2, the rate is distinctly 
the lowest. That reduction of peat thickness in core MNH2 is 
interpreted as a result of the proximity of an area of peat cutting 
during the 14th Century (Hindryckx & Streel, 2000). The disturbed 
area is still visible today and would have lowered the local water 
table and consequently decreased peat accumulation. Lowering of 
the water table reached core MNH4, 20 m further west inside the 
bog, during Zone 4 (between the mid-16th and mid-19th centuries) 
and core MNH5, 10 m further west, during Zone 5 (between the 
mid-19th and mid-20th centuries.

Cores 01W and 04W, taken at the same hummock, present 
conspicuous peat thickness difference in zones 2 to 4. This is 
probably due to the longer persistence of Sphagnum imbricatum 
and S. papillosum in core 04W than in core 01W as these species 
build more peat than the other species of Sphagnum (See 3.2.).

3.1.5. Climatic versus human influence on the Misten peat bog

Mainly based on the distribution of the hydrophilous testate 
amoebae Amphitrema wrightianum, Beghin et al. (2011) 
recognize a severe drop at the limit between zones 1 and 2 in 
the core 01W suggesting that a dry period started during the 7th 
Century (the Vandal Minimum). This dry period had probably a 
severe effect on the Alnus (A. glutinosa) community surrounding 
the ombrotrophic bog with its pollen percentage dropping from 
25 % to 15 % in most cores, around the limit 1/2. 

However, although a new abundance of the same testate 
amoebae indicates a more humid climate in the second half of 
Zone 2 (Beghin et al., 2011), during the Medieval Warm Period, 
Alnus pollen percentages continue to decrease and maintain 
around 10 % from the limit 2/3 i.e. the mid-12th Century to the 
limit 4/5 in the mid-19th Century. Alnus was used as green manure 
by foresters and was also collected for easy burning. Its decreasing 
pollen percentages may have been controlled by human activity, 
like opening cultivated clearing in the forest.

Pollen percentages of Cerealia-type and Plantago (especially 
P. lanceolata which is a common weed of cultivated land in 
Ardenne region) can help to solve the question.

In Fig. 8, the zones 1 to 6 are projected, with their AP based 
limits, on the diagrams of these two NAP pollens in cores 01W, 
04W, 05W and 06 W. In zones 1 and 2, Cerealia-type percentages 
stay always below 2%, but reach 3% and even 4% immediately 
after the 2/3 zonal limit, i.e. in the mid-12th Century, which 
corresponds to the sharp decline of the Fagus forest. They show 
a first maximum to 6% in Zone 3 before decreasing near the end 
of that zone in early 16th Century, i.e. at the start of one of the 
major solar phase (the Spörer phase after Reimer et al., 2009) of 
the Little Ice Age. 

A second maximum of Cerealia-type and a significant 
increase of Plantago is reached in the second half of Zone 4 and 
during Zone 5, i.e. near the end of the Little Ice Age, decreasing 
in the later zone, during the 19th Century. The recent regression 
of the cultivated area is probably linked to the Picea plantations. 
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Figure 6. Comparison pollen diagrams of the 5 cores MNH. The 
percentages (higher than 5%) of Fagus, Carpinus, Quercus, Picea and 
Pinus i.e. the main arboreal taxa living outside the peat bog + Alnus are 
represented. Zones 1 to 6 limits are in red, their exact position in both 
cores being indicated. MNH 2 is the core taken nearest the border rim of 
the peat-bog at a short distance from an old peat cutting vestige. The other 
MNH cores were respectively taken in the west direction, i.e. toward the 
peat bog centre, at 10 m for MNH 3, 20m for MNH 4, 30m for MNH 5 
and 40m for MNH 6.
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Figure 7. Peat thickness corresponding to each zone in the 9 investigated 
cores.
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We therefore suggest a major climatic event to be responsible 
of the Alnus regression before the mid-12th .Then the human 
impact on these local woods starts with the Medieval Climatic 
Maximum but was slightly reduced during the major phases of 
the Little Ice Age. 

In Fig. 9, we have opposed two species of testate amoebae, 
the hydrophilous Amphitrema wrightianum and the hygrophilous 
Difflugia pulex. D. pulex is abundant during the dry Vandal 
Minimum when A. wrightianum is almost absent. The latter 
recovers during the Medieval Warm Period but is replaced again 
by D. pulex from the end of the 12th to the mid-16th centuries, i.e. 
about the same period of the Little Ice Age when non arboreal 
pollens linked to farming are decreasing. A. wrightianum 
dominates again during the early part of the 19th Century when 
non arboreal pollens linked to farming are increasing again, and 
then disappears from the record at mid-19th Century.

3.2. Application of the pollen zones to demonstrate and date the 
lateral variation of the Misten bog vegetation in the past.

During the last Century, a controversy raised about how the bog 
vegetation was building the peat. We refer to Barber (1981) for a 
deep discussion of the involved opposite theories: the regeneration 
complex theory and the stationary hummocks theory (Fig. 10). 
We have here the opportunity to compare an independent plant 
macrofossils analysis within each pollen zones to demonstrate 
the lateral variation of the constitutive vegetation in the past and 
discuss these theories. 

3.2.1 Comparison of macrofossil (mainly Sphagnum) data in 
each zone (Fig. 11).

Fifty years ago, the Hautes-Fagnes peat bogs vegetation cover 
was described (Streel, 1959) as showing three major steps 
of evolution: (i) Sphagnum sect. Cuspidata characteristic of 
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Figure 8. Comparison of 
percentages of selected 
anthropogenic indicators 
(Cerealia type, Plantago) in 
cores 01W, 04W, 05W and 
06W. Limits between zones 
from Figs.3 and 5. 
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Figure 9. Proportion of two 
testate amoebae in core 01W. 
Limits between zones from 
Figs.3.
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hollows evolving (ii) in low hummock with S. papillosum, S. 
magellanicum and sometimes S. imbricatum and (iii) higher 
hummock with S. rubellum and other S. sect. Acutifolia, covered 
by Calluna vulgaris, lichens and liverworts. Extension of the 
latter at the expense of Sphagnum was believed to prepare the first 
step toward a new hollow place between surrounded hummocks 
continuing to grow, as an application of the regeneration complex 
theory (Sernander, 1909, Von Post & Sernander, 1910).

In the past, from the mid-7th to the mid-16th Century, during 
zones 1 to 3, the vegetation in cores 01W, 05W and 06W was 
rather homogenous with a group of Sphagnum sect. Cuspidata, 
characteristic of “hollow places”, alternating in most cores 
with low hummock of S. imbricatum. In core 01W, Zone 3, 
the succession of Sphagnum sect. Cuspidata, characteristic of 
hollows and the low hummock of S. imbricatum coincides with 
the change from the hydrophilous Amphitrema wrightianum to 
the hygrophilous Difflugia pulex. After G. Mallon, Sheffield 
(personal communication, December 2013) D. pulex has an 
optimum at around 10-15 cm from the water table.

The step hollows seems to follow or be linked with the 
development of Eriophorum vaginatum peat. During the transition 
from 3 to 4, the decline of S. imbricatum started, replaced by S. 
papillosum and the “hollow” step with S. sect. Cuspidata seems 
to have disappeared except in Core 05W. 

The wide occurrence of E. vaginatum peat immediately below 
the surface (zone 6 in core 06W) is probably linked to running 
fires on the peat bog. Often today when Sphagnum is allowed 
to reinstall, S. fallax is observed, as it is on the top of core 05W. 

The Sphagnum content is also totally different during the 
conifer period in core 01W compared with 05W and 06W, distant 
of 50 m and 100 m, with respectively an acrotelm (zones 7-8-9) 
of S. magellanicum, versus S. papillosum versus S. fallax above a 
homogeneous layer (zone 6) of E. vaginatum.

A large number of charcoal particles indicate that the most 
recent trace of important running fires on the peat bog is in 
zone 6 of core 06W followed immediately by an E. vaginatum 
development and subsequently by the reinstallation of S. 
papillosum.

Traces of fire on the peat bog also occur in almost all cores 
from late Zone 3 to zones 4 and 5, i.e. from the early 16th Century 
to the mid-20th Century, sometimes linked to E. vaginatum 
extension. Fires occurred more sporadically in Zones 1 and 2 i.e. 
before the 12th Century.

Aaby (1976), reproduced by De Vleeschouwer et al. (2011), 
considers that the locations of individual hummocks and hollows 
change little through time and that their interfaces do vary, 
becoming wetter and drier in response to fluctuations in climatic 
conditions i.e. synchronously as clearly suggested by their 
scheme.

We do not have enough sections to validate or falsify this 
theory for the Misten area but zones 1 to 3 of core 04W illustrate 

Figure 10. a. Idealized cycles of the Regeneration complex theory of 
Von Post & Sernander 1910, after Barber 1981, modified. b. Stationary 
hummocks theory of Aaby 1976, modified.

Figure 11. Simplified macrofossil diagrams (%) of cores 01W, 04W, 05W 
and 06W
Limits between zones from Figs. 3 and 5. Red arrows are charcoal 
occurrences.
Cores 01W and 04W were taken at a short distance in a same hummock.
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such a situation with a hummock of S. imbricatum persistent 
during at least 1000 years. Aside, in Core 01W (1 m distant), there 
is an alternation of hollows with S. sect. cuspidata and hummocks 
of S. imbricatum. However, comparisons of cores 05W and 06W 
with core 01W demonstrate that although hollows with S. sect. 
Cuspidata in Zone 3 seems to be more or less synchronous, they 
are not in Zone 2. Aaby (1976) scheme is therefore too much 
simplified.

On another hand, hollow versus hummock cycles are clearly 
seen in core 05W from zones 3 and 4 and also in core 01W from 
the top of zones 3 to 5, i.e. during 300 to 400 y. 

We, therefore, suggest that both theories are not mutually 
exclusive and perhaps that the development of one or the other 
mode of building peat bogs is rather dependent on the initial 
morphology of the bog. For instance raised saddle moors like the 
Misten should perhaps not be assimilated to the almost coastal 
flat raised moors known from many northwestern European 
countries.
3.2.2. The decline of S. imbricatum, a climatic change or a human 
perturbation?
In Misten Bog, during the transition from zones 3 to 4 (near the 
Mid-16th Century), the decline of S. imbricatum started, replaced 
by S. papillosum. S. imbricatum is still present in zone 5 in 
cores 06W, between the end of the 18th Century and the mid-20th 
Century.

According to Mauquoy & Barber (1999), the decline of S. 
imbricatum in Great Britain is noted in the 15th Century but its 
regression is noted as early as the 6th century (Charman 1990). 
However Barber (1981) found S. imbricatum to exist on highest 
hummocks up to 1800 AD in the British Isles. Goode (1970) also 
found that, if S. imbricatum declined in the wet lawn environments 
in the past, it is still found today on top of hummocks. 
Consequently, when applying the Dupont (1986) indexes to 
plant macrofossils to have a quantitative appreciation of water 
level changes, S. imbricatum is normally given (Mauquoy in De 
Vleeschouwer et al., 2010, p.39, Daley & Barber, 2012) a value 
of 5, placing it fairly in the middle of the hydrological gradient 
higher than the value given to most of other Sphagnum species, 
which implies a rather dry environment. 

However, if S. imbricatum is no longer producing thick 
peat layer, it still occurs today in the Hautes-Fagnes where 
it may constitute part of the lower hummocks, between 0 
to 25 cm above the water table, and is present in 34 % of the 
phytosociological survey of another raised saddle moor of the 
Hautes-Fagnes (Streel, 1959). Schwickerath (1944) noted in the 
same area the presence of communities he named Sphagnetum 
imbricati completely dominated by the eponym species and also 
linked to low hummocks. It happens therefore that S. imbricatum 
ecological needs are not yet well understood, being different for 
instance in the Hautes-Fagnes compared to the British Isles (See 
also Green 1968). 

A recent survey in the Hautes-Fagnes area (A. Vandenpoorten, 
Liège, personal communication November 2013) however 
suggests that only the subspecies “affine” of S. imbricatum 
is present today. As significant portions of the S. imbricatum 
peat in the Misten obviously belong to another subspecies i.e. 
S. imbricatum ssp. austinii (G. Mallon, Sheffield, personal 
communication) one can assume that the two subspecies might 
have different ecological needs as already suggested in Norway 
by Flatberg (1986).

Numerous explanations (Hughes et al., 2007) have been 
proposed to explain the decline of S. imbricatum, including (1) 
a climate “wet-shift”; (2) interspecific competition between 
Sphagnum species: (3) deposition of eroded soils/dust; (4) 
drainage/peat cutting, grazing and burning. 
(1) A climate “wet-shift” on top of the last S. imbricatum peat is 
only noticeable in core 01W at the limit 3/4 (mid-16th century), 
not in the other cores. 
(2) In all cores, the last S. imbricatum peat is surmounted by 
E. vaginatum or S. papillosum peat, not by S. magellanicum as 
often shown in the British Isles (Stoneman et al. 1993; Hughes 
et al., 2008), excepted in core 05W/ Zone 4. The competition 
between S. imbricatum and S. magellanicum is not confirmed in 
the Misten bog.

(3) High concentration in Si and Ti in the Misten (Allan and 
Fagel in De Vleeschouwer et al. 2010, fig. 39; Allen et al. 2013b) 
is obvious in the second half of Zone 4 and during Zone 5, i.e. 
near the end of the Little Ice Age. It corresponds to the second 
maximum of Cerealia-type and the significant increase of 
Plantago. There is also higher concentration of N in the same 
time range (Leclercq in De Vleeschouwer et al. 2010, fig. 58). 
Atmospheric deposits might have played a role in the final 
disappearance of S. imbricatum peat as suggested by Van Geel & 
Middledorp (1988), 
(4) but it corresponds also to a period of maximum of peat cutting 
and grazing i.e. a period of increasing desiccation of the peat bog.

4. Conclusion

Enclosed permanently in woods, the Misten ombrotrophic bog 
has received homogeneous pollen rain through time, dominated 
successively by Fagus, Quercus and Picea. These arboreal pollen 
assemblages allow recognition of 6 pollen zones. After checking 
the compatibility of ages of their mutual limits with two age/
depth models, these limits are used as time-lines. Based of these 
time-lines separating pollen zones across 9 cores we show that the 
areas of major peat production were moving with time from one 
side of the peat bog to another. The reduction of thickness of peat 
was strongly dependant on the proximity to areas of peat cutting 
since the 12th Century. The progressive drying of the surface of 
Misten Bog through time in the edge of the preserved part of the 
peat bog is demonstrated.

A major extension of the Alnus wood around the bog 
corresponded to a rather climatic humid period before the 7th 
Century. On the contrary the decreasing abundance of Alnus 
pollens during the 7th Century might correspond to the dryer 
climate of the Vandal Minimum. This is corroborated by a change 
of dominance of hydrophilous to hygrophilous testate amoebae. 
Later on, as a consequence of increasing human pressure, Alnus 
wood did not recover, although a more suitable climate was 
present during the Medieval Warm Period. 

Wood cutting of Fagus is obvious since the mid-12th Century. 
Its decreasing influence on the pollen rain is explained by its poor 
capacity to compete with Quercus favored by human activities. 

From the mid-12th to mid-16th centuries, there is a slight 
increase of Cerealia-type and Plantago pollens which indicates 
the progress of farming processes in the region but the major 
extension of farming is noted by a higher abundance of Cerealia-
type pollens during the early part of the 19th Century, a period 
of last occurrence of abundant hydrophilous testate amoebae. 
Farming was probably reduced during the major phases of the 
Little Ice Age.

From the mid-16th Century, S. sect. Cuspidata peat almost 
disappeared, reflecting a lowering of the water level due probably 
to major peat cuttings at the outer rim of the Misten bog, mainly 
in the North-Eastern and South-Eastern edges.

High concentration of Si, Ti, and N is obvious also in the 
second half of that period and also between the mid-19th and mid-
20th centuries, a probable consequence of the increasing farming 
activity and of the industrial revolution. They might also have 
played a role on the final disappearance of Sphagnum imbricatum 
peat during the 19th Century. 

On another hand, we have suggested that the apparently 
opposite theories for building peat, the regeneration complex 
theory and the stationary hummocks theory, are not mutually 
exclusive and that the development of one or the other mode was 
perhaps rather dependent on the geomorphology of the bog.
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